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ABSTRACT

Scientific reasoning and writing skills are ubtguis processes in science and
therefore common goals of science curricula, padity in higher education.
Providing the individualized feedback necessaryttierdevelopment of these skills
is often costly in terms of faculty time, partictijain large science courses common
at research universities. Past educational rdsdiéecature suggests that the use of
peer review may accelerate students’ scientifisgeag skills without a concurrent
demand on faculty time per student. Peer reviewtatnos many elements of
effective pedagogy such as peer-peer collaboratepeated practice at evaluation
and critical thinking, formative feedback, multigdentrasting examples, and
extensive writing. All of these pedagogies maytdbate to improvement in
students’ scientific reasoning.

The effect of peer review on scientific reasonvag assessed using three
major data sources: student performance on widiemeports, student performance
on an objectivéscientific Reasoning Tedtawson, 1978) and student perceptions of
the process of peer review in scientific commuagywell as the classroom. In
addition, the need to measure student performasres@amultiple science classes
resulted in the development of a Universal Rulbwicliaboratory Reports. The
reliability of this instrument and its effect oretgrading consistency of graduate
teaching assistants were also tested. Furthelicafpn of the Universal Rubric to
student laboratory reports across multiple bioloiggses revealed that the Rubric is
further useful as a programmatic assessment @wd. Rubric highlighted curricular
gaps and strengths as well as measuring studeietvaatent over time.

This study demonstrated that even university fresihwere effective and
consistent peer reviewers and produced feedbatkesalted in meaningful
improvement in their science writing. Use of pemriew accelerated the
development of students’ scientific reasoning @ibgias measured both by
laboratory reports (n = 142) and by theientific Reasoning Te@t= 389 biology
majors) and this effect was stronger than the impbseveral years of university
coursework. The structure of the peer review ms@and the structure of the
assignments used to generate the science laborafmots had notable influence on
student performance however. Improvements inrktboy reports were greatest

when the peer review process emphasized the gemeddtconcrete and evaluative



written feedback and when assignments explicittpiporated the rubric criteria.
The rubric was found to be reliable in the handgrafiuate student teaching
assistants (using generalizability analygis, 0.85) regardless of biological course
content (three biology courses, total n = 142 stugapers). Reliability increased as
the number of criteria incorporated into the assignt increased. Consistent use of
Universal Rubric criteria in undergraduate coutseght by graduate teaching
assistants produced laboratory report scores witdbility values similar to those
reported for other published rubrics and well abihereliabilities reported for
professional peer review.

Lastly, students were overwhelmingly positive aoeer review (83%
average positive response, n = 1,026) reportingtiaproved their writing,
editing, researching and critical thinking skillsiterestingly, students reported that
the act ofgiving feedback was equally useful to receiving feedb&tidents
connected the use of peer review in the classraoits tole in the scientific
community and characterized peer review as a vidisMill they wished to acquire
in their development as scientists.

Peer review is thus an effective pedagogical siyater improving student
scientific reasoning skills. Specific recommenaliasi for classroom implementation
and use of the Universal Rubric are provided. &fdaboratory reports for
assessing student scientific reasoning and apiplicat the Universal Rubric across

multiple courses, especially for programmatic as®est, is also recommended.
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CHAPTER 1
INTRODUCTION

Overview

Two major sources of motivation exist for peer esvias a subject of
investigation. Firstly, past research suggestspbat review would be an effective
pedagogical tool for improving scientific reasonirgecondly, science educators
desire their students to have functional workingwledge of the major components
of the scientific process and peer review is ontas$e practical competencies. The
context of this research is described in problethfaurpose statements and the
explicit research questions are outlined. Botmijtetive and qualitative data were
used to triangulate between evidence found in stisdevritten work, their
performance on a two-tiered scientific reasonirsg &ad their self-reported
perceptions of the peer review process. The liioita of these data sources and

approach and the significance of this line of researe discussed.
Rationale

This research focused on the impact of peer reviewtudents’ scientific
reasoning skills in a college biology curriculus indicated above, it is likely to be
an effective pedagogical strategy for improvingeegesh ability as well as a skill
required of practicing scientists and thereforardbt in students. Faculty in higher
education institutions in particular and educatorgeneral are unlikely to invest in
new pedagogical strategies however unless signifieé@dence exists that such
innovations will produce notable gains in studestf@grmance. While much research
has investigated the pedagogical effectivenessiwbdws components of peer review
such as peer-peer collaboration, writing to ledavelopment of scientific process
skills, there appear to be few explicit studieshef impact of peer review of science
writing on students’ scientific reasoning abiliti@gure 1.1). Thus, this research
was required to satisfy the need for evidence asiglts as to some of the effects of
peer review on student scientific development. Hartfor those university science
departments around the United States that havadslienplemented peer review,
this research may identify mechanisms for increpgsbeneficial effects on student
performance or reducing its frustrations by hightigg the relative strengths and
weaknesses of the different aspects of the process.
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Figure 1.1. Past research in science education providestaxddor this
investigation into the effect of peer review ondgnts’ scientific reasoning abilities.

Dashed lines indicate aspects and connections g@aitsyithis research

For science faculty willing to consider incorpongtinew pedagogical
strategies, peer review is a particularly attractitervention because it is part of
authentic scientific practice. Despite large vobsnof literature on the benefits of
inquiry-based teaching, such a pedagogical re\ailtas yet to broadly impact upon
the pedagogy of many of higher education instifgjeeven in laboratory courses
(Basey, Mendelow et al. 2000). This is likely daghe large time investment
required to make such shifts, especially when higleication faculty and graduate
teaching assistants are not generally provided mvithh pedagogical training or
support for incorporating new methods into thedicteing (Bianchini, Whitney,
Breton, & Hilton-Brown, 2001; Carnegie Initiativen the Doctorate, 2001; Gaff,
2002; Luft, Kurdziel, Roehrig, Turner, & WertsclQ@; Volkmann & Zgagacz,
2004).

As peer review is a procedure that many scienadtiaalready understand
and have personally experienced, it does not imffeseame time or cognitive
demands inherent in other less intuitive pedagbgicevations. A contrasting
example is the recent classroom innovatiostoflent response systemhile a
powerful pedagogical tool, student response systemsre significant investments
of time and effort by faculty to modify their teah approach and materials.

Adoption of student response systems has been istisgpite massive financial



investments from book publisherSpecifically, student response systems are a
commercial product which allow an instructor to @ogiestions in large lecture
auditoriums and receive instantaneous feedback $taaents who answer using
small hand-held wireless devices. They allow gorecedented degree of interaction
and feedback for both faculty and students evemweless sizes are in the hundreds
to thousands (Powell 2003). Compared to peerweviewever, adoption of student
response systems has been slow despite the investimeotable commercial
resources such as bundling student response systigémextbooks, offering free
trials and other publisher incentives.

Peer review has already been initiated in over 38Q0ses at 900 institutions
in the United States using tkalibrated Peer Review (CPR)ebsite alone with a
user-base of over 140,000 student accounts (RB86&). Other academic and
commercial peer review websites exist with theinadistinct user-bases. In
contrast, the largest commercial student respoystera (Classroom Performance
System — CPS) is in use by only slightly more ttvaice the number of students.
This is surprising given that CPS is backed by ssaEducation and the formidable
marketing and advertising divisions inherent inabgl publishing company serving

100,000 million peoplewww.pearsoned.com/about/index.htmn comparison, the

fact that the user-base of tBalibrated Peer Reviewebsite has grown to nearly
50% the size of that of the Classroom Performarystéeg through academic word-
of-mouth with absolutely no commercial advertisindicates that science faculty
appear to have an affinity for peer review as airirctional strategy. Thus, there is
both a substantial audience interested in researche effect of peer review as well
as a large reservoir of science faculty who miglupd peer review if evidence of its

effectiveness were available.
Background

Strengthening scientific reasoning skills improgestent knowledge

One of underlying purposes of science educatitineislevelopment of
scientific reasoning skills (American Associatiamn the Advancement of Science,
1993; Committee on Undergraduate Biology Educa@®®3) both as a pre-requisite
for a scientifically literate society, and as aunl-goal in itself. Scientific reasoning

skills also correlate with students’ abilities éatn content knowledge. Past research



has shown that a focus on students’ reasoning skilbroves or is sometimes a pre-
requisite to students’ ability to learn content Wihexlge. Students classified as
possessing greater formal reasoning ability showedh larger gains on a concept
knowledge test especially on items dealing witheradvstract biological concepts
such as evolution or cellular level processes (loayalkhoury, Benford, Clark, &
Falconer, 2000). Use of an inquiry-based appra@dsh increased students’
reasoning abilities over the course of the semé¢ktrson et al., 2000). Johnson
and Lawson (1998) compared end-of-term conteneaelment for students in
inquiry vs. expository sections of a non-majorddmy course and found that
reasoning ability was a better predictor of perfance than prior knowledge or
coursework. Students in sections that used anrinfased approach also showed
larger gains in reasoning ability. Zohar (2008gntified that explicit instruction in
argumentation produced greater knowledge of genatid resulted in students being
able to transfer reasoning abilities to everydayasions. These prior studies provide
an explicit connection between scientific reasorskijs and content knowledge
gains and therefore motivate university scienceadepents to improve students’
scientific reasoning skills both for their intrinsralue and because it is also likely to

improve their performance in future courses.

Peer-peer collaboration improves content knowlealgé/or scientific reasoning

Pelaez (2002) required half of the content forgtersiology course to be
taught by students completing online research antthg assignments followed by
anonymous peer review using the same softwarersyesteployed in this research
(Calibrated Peer Review She compared student achievement in contentliedige
for topics taught by peer reviewed online rese@rciects with scores for topics
taught by standard lecture followed by group wddelaez found significantly
greater student achievement for topics that werghtaby peer review compared to
didactically taught topicg(< 0.001, paired-test). These gains were realized by both
top-scoring and low-scoring students in both midtighoice and essay-based
assessments suggesting that meaningful learningecasring. This is a striking
and compelling finding that self-study and peerrpeteraction caused greater gains
in content knowledge than those produced by a atdrdcture format. Pelaez
suggested the peer review process helped to igdntifien misconceptions that
usually are not addressed by more didactic pedagodhs identification of



inaccurate prior knowledge and confrontation obeeous ideas are pre-requisites
for conceptual change and meaningful learning (Bt al. 1982), peer review may
be a particularly powerful pedagogical strategy.

Pelaez further suggests that such peer-peer coditno may be of particular
benefit to low-achieving students who traditiondiigve difficulty identifying such
gaps or inaccuracies in their own knowledge or aamgnsion. She cautions that the
difficulty of the peer-review task must be matchedhe students’ scientific
reasoning abilities however. She further elabsrttat the greater formative
feedback provided by the peer-review system may ladsof particular advantage to
students who traditionally under-perform on assesgawhich require synthesis and
critical thinking. As longer writing assignment®a more time-intensive means of
assessing learning than multiple choice examsestsdrom under-resourced K-12
educational systems may have far less experierdcéhanefore less opportunity to
gain these evaluative and synthesis skills. Pegew as a formative assessment
helps to level this playing field by allowing studg multiple opportunities to
practice these skills as well as receive produdgeelback thus negating the common
pattern where performance on essay exams favawdsrds from more privileged
educational backgrounds. Pelaez’s (2002) worlefoee demonstrates that peer
review is a powerful pedagogical strategy for inyimg students’ content knowledge
and strongly suggests that equally benefits thrdical thinking and evaluative skills
as well.

Focusing on the effect of peer-peer interactiowritical thinking, Hogan,
Nastasi, and Pressley (2000) compared peer-ledstimms vs. teacher-led
discussions in Grade 8 science classes. They finadtudents asked three and a
half times as many questions (18% vs. 5% of tadbal statements) and made twice
as many metacognitive statements (18% vs. 9 %gen led group discussions
compared to teacher led discussions (Hogan, Nastasi 2000). In particular, peer
led discussions contained twice the number of stategs categorized @sstification
(25% vs. 13%) andynthesig40 % vs. 21%) than did teacher led groups indigat
that students in peer groups were engaged inalrttinking for larger percentage of
the time (Hogan, Nastasi et al. 2000). Thus,-peer collaboration appears to
encourage students to engage and practice reasskiilsgnuch more frequently
than do teacher-centred teaching methods.



Rivard (2004) found that peer-peer interactionsrowpd all students’ science
knowledge, though the mode of improvement variedtbgent achievement level,
verbal collaboration and exploration produced gregains in low achievers while
high achieving students benefited more from wrigxglanations. Peer-peer
collaboration can also improve students’ writingresdl as content knowledge.
Specifically, being forced to employ the critemapeer evaluations has been shown
to lead to greater understanding and implementatidhe assignment criteria by
students as writers at the college level (Bloxhah West 2004). Thus, peer-peer
collaboration and the feedback provided by peersdsuch collaboration are useful

pedagogical strategies that facilitate studenniegr

Connection between writing and learning

There is a general recognition that writing is mpaortant component of
science and that the act of writing often improeestructures scientific reasoning
(Florence & Yore, 2004; Yore, Hand, & Florence, 2D0Rivard and Straw (2000)
tested the relative and combined effects of talland/or writing on students’
understanding of ecology and found that analyt@ing helps to transform
rudimentary ideas into coherent and structured kexge. Hand, Hohenshell & Prain
(2004) found a direct connection between the nurabstudent writing experiences
(especially when students were writing for an anckeother than the instructor) and
conceptual gains as well as retention of that kedgé eight weeks later.
Furthermore, Keys (1994) found repeated collabegatiriting assignments also
could demonstrate an increase in scientific reagpskills among Grade 9 science
students. Thus, writing is a productive venuepkeer review in a pedagogical sense,
as well as being an authentic process of science.

Why peer review was selected as a pedagogicalegyat

Components of peer review as a pedagogical strategy

Beyond its already demonstrated value as a pedeajdgol for improving content
knowledge (e.g. Pelaez, 2002), past research sisghes peer review is likely to
improve a student’s critical thinking skills foratiollowing reasons. Firstly, peer
review provides exposure to multiple contrastingregles helping students to
determine the salient criteria for a given taskai&ford, Franks et al. 1989).

Secondly, peer review potentially provides relevfanmnative feedback. Formative



feedback has been shown to have significant berfefiimproving student work and
learning (Chinn & Hilgers, 2000; Ravitz, 2002; Tapgy Smith, Swanson, & Elliot,
2000; Yorke, 2003). Thirdly, providing feedbackitoee separate peers requires
students to quadruple the extent to which theytjmecritical thinking skills over the
course of an assignment. Normally students waeNdcew and revise only their own
paper, but with peer review, they must engage uat@land construct suggestions for
three papers in addition to their own, thereby iggjifiour times the practice at this
skill. Concerted and repeated practice over tsremiimportant component of
developing expertise (Ericsson and Charness 199%8tly, students’ comments on
end-of-term evaluations indicate that the procégger review often stimulates the
reflection and self-assessment that has been stwlead to metacognition and
meaningful understanding (Baird & White, 1996; Blaxn & West, 2004; Pope,
2005).

There has been a great deal of work on how ‘writcngarn’ improves both
content and argumentation skills, as well as hogr pellaboration improves
reasoning ability and content knowledge. With tkeeption of Keys and colleagues’
work (Keys, 1994, 1995, 1999b, 2000; Keys, HandjrR®& Collins, 1999)
however, little has been done to explicitly addie®s scientific writing or peer
review affects scientific reasoning (Figure 1.Eurther as, Keys’s work focused on
collaborative writing, not just collaborative ingyi it therein departs from the model
used in this study (collaborative inquiry and indial writing). Further, while
research has been conducted on the reliabilityeefgas reviewers (Cho, Schunn, &
Wilson, 2006; Hafner & Hafner, 2003; MarcoulidesS&nkin, 1995), to this
researcher’s knowledge, little work has been phbtison the nature of
undergraduategbrmativefeedback (except see Cho, Schunn et al. 2006jsor
effect on students’ scientific writing and reasangkills. Thus, investigation of the
explicit connection between peer-review and impnogets in students’ scientific

reasoning skills will connect previous researchew and fruitful ways.

Support for the underlying assumption that peersloa effective evaluators

Undergraduate peers have also been found toiableekvaluators. When
peer reviewers assessed oral presentations igex$aale study of college biology
students, the aggregated mean peer review totad g§swores averaged over
approximately 30 reviewers) was found to have yemd:1 correspondence with the



instructor generated scores for all three yeathe&tudy (Hafner & Hafner, 2003).
Individual reviewer scores were highly variabler(gealizability analysis attributed
only 25% of score variance between any two rateestual differences in
presentation quality), but mean student scoressa@ath reviewers were found to be

highly consistent and informative (Hafner & Hafn2903).

In a study more similar in structure to this resba60 undergraduates were
found to be reliable in their assessment of thdityuaf peers’ written papers with
65% to 75% of the variability in score being atiitiibd to real differences in quality
among papers according to a generalizability amafMarcoulides and Simkin
1995). Cho, Schunn and Wilson (2006) also fourad pleer review using six referees
produced a reliability of 0.78 and a high corr@atwith instructor scores € 0.89)
when a rubric was employed. It should be notetldhdhe studies reported above
measured the reliability afumericalscores (i.e. grades) assigned by peers rather
than measuring the quality or impact of more subjecomments regarding writing
substance and quality. Cho, Schunn and Charr@®6janvestigated the helpfulness
of peer comments and found that when undergraduates the helpfulness of the
feedback they received, there was no distinctiawéen the average value assigned
to instructor comments versus peer commgnts@.36). Thus, peer can effectively
apply criteria and provide useful evaluations oitten work and peer feedback,
especially when aggregated, can be comparablealityjto instructor feedback.

Rationale for peer review to be taught as a scienskill

Given the demonstrated effectiveness of peer-gakboration, writing and
peer assessment in improving students’ knowledde @asoning abilities, the next
logical step is to combine those functions intangle pedagogical strategy of peer
review. Beyond its inherent value as a real-wskKil, there are multiple reasons
why peer review is likely an effective pedagogisiategy. Advocated best practices
for science teaching in general have convergedadategories that correspond to the
fundamental components of peer review: active eagant (Linn 1997),
collaborative learning (Cabrera, Colbeck et al. 0f@rmative feedback (Yorke
2003), reflection (Baird and White 1996), and auon incorporating assessment as
an integral part of the curriculum (Linn 1997).réview of the literature on self, peer

and co-assessment of student work indicates tlchtafiocus develops the



competencies needed by students to engage in piafas practice (Sluijsmans,
Dochy et al. 1999).

Additionally, while both practicing scientists &gll as science educators
explicitly desire that students develop their stifenreasoning skills as a
fundamental goal of science laboratory experiefGe®dman et al., 2007; Pelaez &
Gonzalez, 2002) many science faculty also desaedfudents become aware of the
integral nature of writing to the process of safemthinking (Yore et al., 2004).
Science faculty also desire their students to wstded the fundamental role peer
review plays in maintaining the integrity of scien@bd-El-Khalick and Lederman
2000). Indeed, Ford (2008) provides a convincimggaent that the scientific
community and peer review is the source of authamiscience and that an explicit
focus on the role of peer review is crucial to efifee construction of content
knowledge as well as development of students’ sifieneasoning. He specifically
focuses on the need to teach studentsitigjue ideas and claims, not jusbnstruct
them and that a realistic understanding of hownsifie knowledge is generated is
necessary for effective learning (Ford, 2008). ifiddally, writing and peer review
are real world skills desirable in scientificalliefate people as well as future
scientists. While engagement in authentic pragtis@mportant to the development
of scientific inquiry skills (O’Neill & Polman, 209 it does not necessarily lead to
understanding of scientific process (Schwartz, beda et al. 2004) if its purposes
as both a pedagogical tool and desirable real vakiltlare not made explicit to
students. Thus, the value of peer review will bistered if instruction explicitly
addresses the rationale for including peer reviethé curriculum. Students’
perceptions of the role of peer review in the c¢lass and as a real-world skill were
therefore also addressed as part of this research.

Problem statement

Curriculum goals developed by the Department ofdgjical Sciences at the
University of South Carolina and similar large ,@@sh-based science departments
focus on developing functional scientific competenan their students. Foremost
among these goals is developing students’ sciemgfsoning skills and writing
skills. Defined components of scientific reasagnimclude: identifying assumptions,

creating and evaluating hypotheses, designing aatezxperiments, analysing data,



evaluating results, assessing the validity of assiohs, identifying gaps in
knowledge, learning from mistakes and decidingtepssto be taken in the future
(see Appendix 1 for full list of Curriculum Goals)in short, two major curriculum
goals are for students to be able to engage ioteféescientific reasoning and
communication of findings. Departmental reviewttté biology curriculum in 2003
identified two major challenges to achieving thgeals. Firstly, the majority of
undergraduate biology laboratory experiences redeallack of emphasis on
scientific reasoning skills. Secondly, no systecateans of evaluating the
effectiveness of the curriculum existed.

Consequently, curriculum reform efforts ensuedrtavigle more opportunities
for students to engage in open-ended researchtigatsns in the introductory
biology and sophomore-level courses for majordfediive science writing was also
a desired competency as well as a rich data séoressessing student scientific
reasoning abilities. The process of peer reviepeaped to address both these
challenges simultaneously. Peer review is botauthentic scientific competency in
and of itself as well as being a pedagogical that tan engage students in
significant opportunities to practice scientifi@sening, evaluation and writing skills.
Further, peer review as a pedagogical tool inceettselevel of formative feedback
provided to students thereby increasing opporesior learning, without placing
further time demands on faculty or graduate tearhssistants. Peer review was
thus selected as one pedagogical innovation teeaddhe problem of improving
students’ scientific reasoning skills as well asrting them in a professional
competency. The focus it placed on student sciemitgng also provided a rich data
source (draft and final versions of papers) fatility a solution for assessing
students’ scientific reasoning abilities in a megfful way.

It quickly became evident however, that a singlerse was insufficient for
the development of these skills and that a meaass#ssing student performance
across multiple courses was needed. Thus, thesres also reports on the
development and testing of a Universal Rubric fabdratory Reports as a means of

measuring the change in students’ scientific reiagpabilities over time.
Research Questions

This research focused on the following broad nesequestions. Can
undergraduate students consistently and effecteefyage in peer review? Is the
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Universal Rubric for Laboratory Reports a relialleasure of student scientific
reasoning abilities? How do students’ scienti@asoning abilities in their laboratory
reports change with course topic, assignment dedaill over time? Do students’
scientific reasoning abilities improve with additad peer review experiences?
Lastly, do students perceive peer review as a wubrite educational activity? These
broad questions were divided into the ten studigkned in Figure 1.2 and
summarized below. The relationship between thestieties and each of the related

research questions is presented in table 3.1.

Prerequisites and Study 1. Consistency end Study 2: Reliability of the Study 3. Relizbility of the
Assumptions effectiveness of underpraduate ™™ Universal Rubric as a metric for Scientific Reasoning Tesrin
peer reviewers determining laboratory report this undergraduate biclogy
quality in this population population

Undergraduate [Peer Review

t’md'{ E'_: _Rdmt?llm"dr’: Study 4: Student achievement Study 7: Relationship
Achievement Data | scores given by graduzte of scientific reasoning skills in berween Scienific
teaching assistants under

o written laboratory reports Regsoning Test scores and
nztural conditions (cross-sectional sample) peer review experierice

3
Study 5: Student achievement of
scientific reasoning skills in laboratory
reports (lengitudinal sample)

P, i -

Perceptional Data Study B: Graduate teaching Study 9: Undergraduate Study 10: Undergraduate
zssistants’ perceptions of the perceptions of the peer review perceptions of the role of peer
utility of the Universal Rubric process in the classroom review in the scientific community

Figure 1.2.0verview of research and relationships among iddal studies.

Firstly, this research established the requireshdational condition that
students are capable of effectively and consistartaging in peer review (Study
1). Next, the reliability of the Universal Rubr@s established (Study 2) and it was
used to assess changes in student scientific riegsalilities over time in a cross-
sectional sample (Study 4) and a longitudinal sengtudy 5). Additionally, the
reliability of scores generated by graduate teaghssistants under natural grading
situations was assessed (Study 6) and graduatenstoglinions regarding the utility
of the Universal Rubric were collected (Study 8n external, objective measure of
student scientific reasoning ability was also emtbusing th& est of Scientific
ReasoningLawson, 1978; Lawson et al., 2000). Its relidgypin this population was
established (Study 3) and the relationship betvgmentific Reasoning Testore
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and students’ peer review experiences was investig&tudy 7). Lastly,
undergraduates’ perceptions and understandindgeqiurpose, utility and impact of
peer review in the classroom (Study 9) and theableeer review in the scientific

community (Study 10) were investigated.
Limitations

Students’ written laboratory reports, while a redurce of data, inherently
miss some aspects of reasoning which would be oleagly seen in students’ small
group discussions, by direct questioning or obsemaf students in the laboratory.
Further, using only written work as the primaryadaburce definitely biases the
results towards students who are able to bettieubate their scientific reasoning
onto paper. There likely are students within gample who have scientific
reasoning skills and gains that were not evideoabse those students have more
difficulty expressing themselves in writing tharrb&lly or by action and decision.
This research also focuses on a product (writtpartethat is often the result of
scientific reasoning. Focusing on the end-prodaitter than the process itself means
that some nuances of how reasoning develops maryenaoticed. Use of an
authentic outcome such as written reports is attfie compromise, however, given
the realities of limited resources and investigétae for such a large population of
students. This research approach allows the aseas®f the effect of peer review;
further research may then illuminate the real-tmmexchanisms by which peer review

impacts the development of reasoning skills.
Significance

Past research has investigated the effectivenessioliscomponent®f peer
review such as peer-peer collaboration, writingegon and formative feedback on
the development of students’ scientific skills (Figl) suggesting that peer review
would be a powerful pedagogical strategy as it dasgmany of these elements.
Peer review is also a skill required of practicguientists and therefore desirable to
develop in students as an authentic competencyittiésdirect research exists on the
effect of peer review on students’ scientific reang abilities, however, these studies
will contribute to valuable insight to our undersiing of students’ scientific

development. Besides contributing new knowledgiedield of science education,
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this research may have practical implications &mufty who have not adopted peer
review, by providing sufficient evidence to encaygdhem to incorporate it into their
own classes. Further, for those university sciefggartments around the United
States that have already implemented peer reviesvrésearch may identify
mechanisms for increasing its beneficial effectstualent performance or reducing
its frustrations by highlighting the relative stgtins and weaknesses of the different

aspects of the process.

Lastly, development of a rubric of core criteria ¥eritten laboratory reports
that emphasises scientific reasoning is of intdmeatwide variety of science faculty
and to date, no generalised rubric for written tabary reports appears to be
available in the literature. Assessment of theafbf peer review on students’
writing is of interest to both science and writiiagulty and language and literacy

faculty interested in argumentation.
Summary

Writing and critical thinking are ubiquitous pras in science and goals of
science education. A rich and varied literature al&ists on both the benefits of peer
collaboration and formative feedback as well ashenbenefits of analytical writing
to learning and critical thinking. Peer review drapises learning by writing and
provides multiple additional opportunities for stk to practice scientific reasoning
and evaluative skills. It also increases the levébrmative feedback provided to
students three-fold without a concurrent increasiagnand on instructor time. Peer
review may therefore accelerate the developmestuafents’ scientific reasoning

skills.

This thesis focuses on assessing the effect ofrpegmw on students’
scientific reasoning abilities. Peer review is tiyyesized to be a mechanism for
stimulating the discourse and reflection necesiargevelopment of scientific
reasoning skills. Predicted changes in scientificking skills can be measured via
an objective quantitative test as well as qualieatinalysis of students’ written
laboratory reports and peer reviews. Comparisétiseocorrelation between
scientific reasoning and generalized undergradaeaeemic experience (number of
credit hours earned) compared to the number of iee@w experience allows the

effects due to the peer review process to be distshed from the effect of
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increasing academic maturity. Additionally, intrgation of scientific reasoning
evidenced in laboratory reports using both crossiesgal and longitudinal samples
allowed rich and direct measurement of studentesement of curricular goals.
Lastly, a survey investigating student perceptioine peer review process would
enable the impact of peer review to be viewed thinaine students’ eyes. The
context for the study is undergraduate biology tatmry courses at the freshman,
sophomore and upper division levels at a largeD@bstudents) state university in
the United States.

Peer review thus provides an interesting link betwthe areas of scientific
writing and reasoning and investigation into itteeef on students’ scientific
reasoning and writing skills will provide usefultddo faculty and administrators in
higher education concerned with student achievem&mtell as programmatic

assessment and demands on faculty time.
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CHAPTER 2
LITERATURE REVIEW

Overview

This chapter is structured around the relevaatdttre supporting and
defining the concepts of scientific reasoning, scgewriting, and peer review as well
as discussing what tools are currently availabterfeasuring scientific reasoning in
written form and what tools must still be develop&tientific reasoning in
particular is a concept that is differently definedrarious subfields. Here it refers to
the mental processes necessary to design, impleandnnterpret scientific research.
Therefore, the initial portion of this chapter peat more fully discussing what those
mental processes might be and what we know aboutimase mental abilities
develop in students.

Scientific reasoning can be demonstrated in a wadiety of contexts such as
observation of a person’s actions, recording vedisdussion, probing by interviews
or analysing scientific outputs, such as writtgoorés. While other contexts are
briefly discussed, writing is the logical pragmadata source to investigate scientific
reasoning in higher education given the relativedyi-developed generalized writing
ability of students at that age (compared to Kiifites), the ubiquity of written
laboratory reports in the curriculum, the authetytiof writing as a means of
communicating scientific endeavors and the avditglof appropriate instruction
and mentoring from other science writers (gradsatdents and faculty teaching
science courses). A discussion of what distingegsdtience writing from other
writing and how it relates to scientific reasoniadgherefore included.

The process of peer review, as it is a familiaccpss to scholars, is only
briefly described. Instead time is spent investngathe potential effectiveness of
peer review as a pedagogical strategy. It shoallddied that peer review is doubly
valued in that it is a desirable skill for studettdearn simply because it is an
authentic scholarly activity as well as being aggeically powerful tool.

Having now identified the learning outcome of iet&r(scientific reasoning),
the instructional intervention (peer review) and gnimary data source (science
writing), it is clear that a tool is needed withialinto measure the resulting student
achievement. A review of the criteria used in pssional peer review as well as

criteria and measurement tools available in thdigld literature follow. These
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resources were used to compile a list of conserrsiesia for effective scientific
reasoning in written formats. It became clear ttraappropriate published rubric
was available. Criteria from the published litera were then combined with input
from departmental faculty, graduate students amereal educational researchers
over the course of 18 months. The result was WsaldRubric for Laboratory
Reports. Out of consideration for the reader véméous versions, revisions and
discussions required to produce the rubric weredatdiled here. The relevant
literature components were mapped onto the finayéreal Rubric criteria so that
the reader may see whether support for each onitelerives from the scientific
community and/or the research literature. Theeeatould note that all criteria
included in the final version of the rubric wersaleviewed and received support
from the faculty of the Biological Sciences Depagtihat the University of South
Carolina.

Regardless of its reliability and validity, howey#re rubric provides only a
single data perspecitve. A construct as complescesntific reasoning requires data
to be triangulated across multiple perspectivasdrease confidence in the validity
and generalizability of conclusions (Mathison, 1988he potential use of a different
methodology (published pencil and paper test @rdidic reasoning) as a means of
sampling a greater proportion of the student pamravas therefore investigated.
This more distal measurement could determine ieffect of peer review on
scientific reasoning was detectable beyond theicesfof student written reports.

Lastly, research literature demonstrated that mé&iron on student
perceptions of the utility and impact of peer rewiwwould be worthwhile as student
perceptions often have a strong impact on anduaistr's willingness to implement
instructional innovations. Previous research odestits’ perceptions of peer review
was sparse and indicated a need for a large spadatitative survey. There also
appeared to be a gap in the research literatureecoimg students’ perceptions of the
role of peer review in the scientific community.

The chapter then concludes with a discussion otiaddl insights gleaned
from the literature about how to best implementr peeiew in the classroom and an

overall summary.
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What is scientific reasoning?

Historical perspective

The field of study concerned with scientific re@isiy can be divided along
one’s belief in the extent to which content knowgednd problem context affect
reasoning strategy and ability. At one end ofgbectrum are studies that focus on
the development of domain specific content knowdedgd the development of
conceptual knowledge and procedures within a fidlde other end of the spectrum
considers scientific reasoning to exist acrossad#intific domains and focuses on
scientific problem solving e.g. “hypothesis geniemratexperimental design and
evidence evaluation” (Zimmerman, 2000, p. 101) peaelent of content knowledge.
Zimmerman (2000) describes most of the domain &peesearch as focusing on
identification of naive theories (e.g. misconcemsjoand the process of conceptual
change in specific topic areas. This researchecws that challenging students’
alternative conceptions or misconceptions and dgweént of content knowledge is
more accurately described as learning rather thasoning. Similarly, at the other
end of the spectrum, early attempts to quantifgrgdic reasoning separated a
person’s content knowledge from the strategiestttegt might use to solve problems
(e.g. Ward & Overton, 1990) found little relationshbetween a person’s education or
occupation and their performance on such taskss type of “knowledge-lean” or
“domain-general” knowledge was believed to be dddtfrom a person’s knowledge
of particular subject matters, but subsequent wotke field indicated that reasoning
abilities were clearly affected by the context inieh the reasoning task was set,
even if no specific knowledge was required (seerewn Zimmerman 2000).
Namely, when presented with a logic problem senireveryday context (e.g.
students being punished for rule-breaking at sQhetidents’ correct answers were
greater than if presented with the exact same &bgicucture in an “if a, then b”
format (Ward & Overton, 1990).

As the ability to conduct science is of interesteh) scientific reasoning here is
viewed as process mid-way between those two exgembe strategies and abilities
with which this study was concerned transcend $ipesgientific context (hypothesis
generation, analysis of evidence, etc.), but #sgarcher firmly acknowledges that
those processes are most realistically measureohitexts with which the subject has
at least some familiarity (e.g. everyday contextsaurse material).
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Characteristics of scientific reasoning in experts
A first step in a discussion of the developmerg@éntific reasoning is to
identify what is meant by the term. Kuhn (1989)idle$ scientific thinking as the

ability to consciously use and coordinate theony evidence.

The scientist (a) is able to consciously articutataeory that he or she
accepts, (b) knows what evidence does and coulabsuip and what
evidence does or would contradict it, and (c) ig &b justify why the
coordination of available theories and evidencel®éa@asim or her to
accept that theory and reject others purportirgctmunt for the same
phenomena. (Kuhn 1989, p. 674).

Zimmerman (2000, p. 104) expands the definitioartoompass the action of
problem solving in addition to the justification @fnclusions and defines scientific
reasoning as “problem solvirggrategiedemphasis original] that are involved in the
discovery and modification of theories about categd or causal relationships.”

Within domain general models of scientific reasgnithere exists another
relevant distinction however. Early work focusetkoowledge leamr context
independent reasoning problems that usually todk mmutes to solve (Zimmerman
2000). Such problems are much more a test of floalvetract reasoning skills rather
than scientific reasoning skills however. Contamwledge, while not the goal of
scientific reasoning here, is required in ordeiréamne and inform ones decisions
about which hypotheses are likely to be fruitfullavhat techniques are available for
experimental design. Later work on scientific prasg shifted to mor&nowledge
rich tasks that required multiple steps over longeetpariods. In relevant work,
Klahr and Dunbar (1988) identify three major ingdsited conceptual spaces in
scientific reasoning in their Scientific Discoveay Dual Search model: 1) hypothesis
generation, 2) experimental design and testing/pbtheses and 3) evidence
evaluation. They note specifically that scientiasoning is not a linear process, but
a recursive coordination and integration of thesegsses.

Much of the cognitive psychology literature on stiic reasoning focuses on
expertise as it is from observing experts that emve the qualities and traits that
comprise the definition of scientific reasoninguriDar extends the work begun with

Klahr, but makes the logical but radical suggestiat studying people of various
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backgrounds under controlled experimental condstiom artificial tasks in a
psychology laboratory fails to capture the aspet&ientific reasoning that produce
new scientific discoveries. He suggests specifighht the failure to observe
scientists as they actually work creates two gamsir understanding: 1) actual
scientific problem solving may differ from solvirgbitrary psychology tasks, and 2)
the large contribution made by the social collaboreamong colleagues is excluded
(Dunbar 2000). When he observed scientific expartBeir natural environment
(here defined as well-funded molecular biologigtading up their own research
laboratories), Dunbar (1997; 2000) generated sesarprising findings: 1) that
practiced scientists attenduoexpected findings as the major source of new
hypotheses and experiments, and 2) that they engatigtributed (group) reasoning
(e.g. group discussions in laboratory meetinggvercome challenges in their
research. In particular, Dunbar concludes thatgreasoning surmounts the

difficulties that individuals have generating exm#ions for unexpected results.

This pattern of challenging inductions was ubiquét@cross all labs....
Individual subjects have great difficulties in geateng alternate
inductions from data, and also have great diffiealtn either limiting or
expanding inductions. Distributed reasoning helpsumvent these
difficulties. When distributed reasoning occuhg group quickly
focuses on the reasoning that has occurred anathiee members of the
laboratory will generate different representatiofiese new
representations will make it possible for membéithe lab to propose
alternate inductions, deductions and causal exptar® Thus,
distributed reasoning provides new premises andeledbat a particular
individual might not be able to generate when reagpalone. (Dunbar
1997, p. 13)

Not surprising to those who have attended laboyatwetings, however, none
of the members of the group recalled or could ifiettie contributions of various

members to the solution once the challenge hadckgass

Once a new concept is generated the cognitiveddaf§ is thrown away

and scientists cannot reconstruct the cognitivesstieat went into the
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discovery. Because of this scientists and histsri@construct their
creative moments, often from their lab books. Uhifioately many of the
key cognitive steps made in a discovery do notugnoh the lab books.
Thus, many of these reconstructions are basedrtialpaformation and,
as a result, myths surrounding the creative prodgesgslop. (Dunbar
1997, p. 16)

This work provides three important insights. Mtsthe focus on collaboration
and group work in science classrooms is furtheifijed as a skill required of
practicing scientists (Dunbar 2000) in additiorb&ng an effective pedagogical tool.
Dunbar’s work also makes clear that focusing orxpaeted results and/or
conflicting data is an intentional action or skiflpracticing scientists (1997).
University instruction should therefore include eek$ing conflicting data and
consideration of alternate explanations as an itapbpart of the curriculum and
such an emphasis should be included in whatevierieriare used to assess student
performance. Thirdly, this is a stark remindet #nen the most comprehensive
performance assessment cannot capture all the siillired to be a practicing
scientist. Student performance in science wriisng robust measure of scientific
reasoning skills, but does not capture the progkessience in its entirety.

Another means of characterising scientific reasgim experts is to compare
the strategies of experts versus novices whenrgpjsioblems. Common
characteristics of novices appear to be the obJEsser content knowledge, as well
as a tendency to focus on the surface qualitiesppbblem, rather than work with the
underlying principles (Dhillon 1998; Schunn and &rgbn 1999). Experts tend to
frame problems using the abstract underlying pplesi and solve problems by
dividing them into functional sub-problems (Schrex@ad990). This tendency of
novices to miss the underlying structure of a pFobls a familiar phenomenon for
any instructor who has successfully led studentsutfh one problem solving
exercise only to have them completely stymied wh@sented with the same type of
problem set in a different context. Novices alerotend to be unable to correctly
represent problems in diagram form (Dhillon 1998h@n and Anderson 1999)
(likely to do the same lack of understanding ofenhdng principles described

above), use many, short, less informative and piatgnrandom means of attempting
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to solve the problem as well as be less awarepalda of the need to control
variables (Schunn and Anderson 1999).

Further, there is a notable distinction in how ©egi and experts approach a
problem in that experts spend more time and eidfi@ntifying the underlying
paradigm and framing the question than do novicEer example, four groups of
subjects ranging in their level of expertise andtent knowledge were presented
with a real world problem. Undergraduate expentakpsychology majors
(novices), experimental psychology graduate stid@ntermediates), PhDs in areas
outside of sensory psychology (design experts)Riid in sensory physiology
(domain experts) were presented with the probleahttie taste of Coke-Cola no
longer appears to be preferred by much of the Dpitddtic and asked to design
research programs which would suggest how the ptathould be improved
(Schraagen 1990). The presence of two groupsDERvas an attempt to determine
the extent to which problem solving is domain spieciNamely, PhDs from other
areas have plenty of expertise in conducting siéiemésearch, but using content
knowledge that is less relevant here. Subjects asked to ‘talk-aloud’ describing
their thinking as rationale as they worked throtlghproblem. The domain experts
spent nearly fives times as long in framing thestjoe as did beginners (10.5 vs. 2.2
statementsp = 0.02) and nearly twice as long as did the desigrerts (5.7
statements). The research programs produced suthects varied in that the PhDs
all produced much more structured goals than dichtbvices, out-of-area PhDs and
graduate students all used mental simulation & gesd and only the PhDs problem
conception schema contained abstract principldsré&agen 1990). In-area PhDs
broke the problem down into sub-problems and designmeans of investigating
each sub-problem. Out-of-area PhDs also framegribi@dem in abstract terms, but
had to resort to mental simulation, working throtigé results that would be
generated by each experimental approach and tlemkicly the outcome against the
initial goal to determine if it was a fruitful apgach (Schraagen 1990).

Thus, the identification of an appropriate paradmml subsequent approach
to a research problem appears to be the most ngallg portion of scientific
reasoning, particularly because novices are ofbemptetely unaware of the need to
identify the underlying principles before designamgexperimental approach. When
research is set into more scholarly settings,isisise of needing to identify the

underlying paradigm would translate itself intoesed to understand the context or
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knowledge landscape of a field and propose resehatiwould fill interesting gaps
in that knowledge in a fruitful way.

Summing across these works, scientific reasorting ppears to have
several layers. The first layer of reasoning esdbility to take static data and
make logical conclusions or to design an experinteattwould test a given
hypothesis. This type of reasoning can be measwedper and pencil tests
which present students with scenarios for whicly Hre asked to select
appropriate methodologies or to interpret the aues of experiments already
run (e.g. Scientific Reasoning Test, Lawson 1978he second layer, the
development of the more complex skill of identifyianderlying principles and
framing a scientifically interesting question isely more challenging and
requires a more comprehensive methodology forsgessment. Appropriate
methodologies might include direct observationstafients while engaged in
research, or analysis of students’ written repamtsheir research project.

The last layer, which is missing from these schyglattempts to
investigate how science is conducted is the aliitlye conversant in ones’
scientific field and recognize when conceptual feararks are incompatible
with the existing evidence and to propose a newggms (Kuhn 1970).
While superficially similar to the ability to recoge that a given set of data
may or may not support a given conclusion and sstgggor selecting
alternative tests (which is common in paper an@péssts), such constrained
scenarios miss the more fully developed processott@airs when investigators
take a step back in their consideration of the jgraland re-examine not just
the localized concept, but the conceptual frameviiaia which it is derived.
This pinnacle of scientific reasoning produces tiesughts or insight that lead
to scientific discovery. While true scientific dmsery is difficult to achieve
within even the higher education classroom, it &thée included in the
definition of scientific reasoning, or else theidegfon cannot encompass the
best examples of scientists at work.

Therefore, for the purposes of this study, scientdasoning is defined
as: the ability to generate, manipulate, evalaatereconcile data within
conceptual frameworks. Additionally, scientifi@s®ning includes the ability
to note disparities among data or between datdhewtetical frameworks and

test and revise to those conceptual frameworksconéinuous attempt to
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generate an internally consistent understandimghehomena. The challenge
now arises as to how to facilitate the developneéistientific reasoning in our

students as well as measure the effectivenesschfasaurriculum.

How can educators facilitate the development of
students’ scientific reasoning abilities?

What is known about the trajectory of how scientiéiasoning skills develop?
Zimmerman (2000) provides a comprehensive revielitaraiture regarding

scientific reasoning and the following highlighteerge from her work.

Children’s performance (third to sixth graders) wharacterized by a number
of tendencies: to generate uninformative experigj@ntmake judgments based
on inconclusive or insufficient evidence, to vaadd in their judgments, to
ignore inconsistent data, to disregard surprisasylits, to focus on causal
factors and ignore noncausal factors, to be infltadrby prior belief, to have
difficulty disconfirming prior beliefs, and to besystematic in recording plans,

data, and outcome&Zimmerman 2000, p. 129)

Adults appear to differ from children in that thigpically “needed to see the
results of several experiments. Rather than igganoonsistencies, adults tried to
make sense of them. Adults were more likely to m@rsmultiple hypotheses (e.g.,
Dunbar & Klahr, 1989; Klahr et al., 1993).” (Zimmmean 2000, p. 134). Both
children and adults used multiple strategies amehzérman accurately points out
that the transition to more productive strategsegradual rather than abrupt.
Experience improves performance among children hndrghat experience is gained
over chronological age or over multiple sessiorth Wie same experimental system
and education improves performance among adultséAand Brock 1996).

Several pedagogically important distinctions afieen this set of work. The
first distinction is that hypothesis generatiorpovperly framing the question appears
to be a more challenging task than selecting agdes) appropriate experimental
protocols. Even elementary school children (fiystders) are facile in selecting the
appropriate experimental design to differentiatisveen two conflicting hypotheses
and can generate empirical procedures on theirtowast two given alternative
hypotheses (Sodian, Zaitchik et al. 1991). Spealfi, when ¥ and 2d graders were

presented with two mutually exclusive and exhaestiypotheses, over 50% of the
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1% graders and 86% of th8%ayraders could correctly design an experimentalttes
distinguish between the two proposed explanatidiiben presented with a problem
but no suggested explanations, however, only abe#t of the children in both
grades could generate spontaneous solutions (gm@iate tests). Thus, the skill
of properly framing the question appears to be nddfieult than the skills of
controlling variables or identifying causal relatships (see again the Coke-Cola
taste study Schraagen 1990; Sodian, Zaitchik @198I1), though it should be noted
that control of multiple variables (causal and mamsal) is still quite challenging for
elementary age children (Kuhn 2007). This outcomaées sense as properly
framing the question requires contextual knowletgselect the plausible solutions
from the infinite universe of possible solutionst belection of an appropriate
methodology to test two hypotheses requires coredddieless contextual knowledge.
Phrasing the proposed solution in a productive (t@wpllow easy differentiation and

refutation) is likely also a learned skill.

Pedagogical implications of research on expertise

Thus, when attempting to teach scientific reasgpninappears to be productive
to initially scaffold students by providing themtivhypotheses and having them
focus on developing methodological competency (obatf variables, understanding
of co-variation, replication, etc.). More expeged students can then be given the
more challenging task of framing their own questias well as determining
appropriate methods. Lajoie (2003) in particpl@ints out a weakness in the field
that has invested much in differentiating betwédenabilities of novices vs. experts
while neglecting to develop corresponding pedagudgieethods to help students
better develop expertise. She recommends thatajeetory and qualities of
expertise must be made explicit to students arictiley benefit from a focus on
metacognitive elements because experts have ‘@rlasttareness of what they know
and do not know” (Lajoie 2003 p. 21). In particulshe recommends that students
be facilitated by a “continuous interacting hietarof novice to intermediate
learners” supervised by an expert in a collaboeateal-world setting (Lajoie 2003 p.
22).

Students should be provided with multiple représgons of a problem to
allow comparison [and] frequent situations thaté&them to reflect on the results of

their actions. Frequent embedded formative feddhaad expert intervention
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highlighting the need for ongoing practice andrrefnent are also key issues for
success (Lajoie 2003). These elements have besmgo greatly accelerate
students’ development of the qualities associatiéul @xpertise such as greater
pattern recognition, metacognition regarding thathtions of one’s own knowledge
and deeper, more highly structured knowledge. eikample, 20 hours of training
using a simulation presenting new avionics teclamiwith multiple problems to be
solved and formative feedback including suggestiedegies improved performance
to a level equivalent to almost four years of eigreze (Nichols, Pokorny et al.
1992). In particular, such training simulationselerate learning because they
present learners with both common and unusualtstsallowing learners to
perceive underlying principles more rapidly thathan the job training wherein
long time periods are required to experience socirasting and unusual situations
(Ong 2007).

Thus, research on expertise appears to suggesiatetioration, reflection
and metacognition facilitate the development o¢stfic reasoning. In the scientific
community, however, the scientific reasoning doatsemd when the last data point is
collected, but continues as outcomes are commuaicatcolleagues via scientific
writing (Yore, Florence et al. 2006) and similarstientific reasoning, scientific
writing is also an explicit skill that must be tdmgCampbell, Kaunda, Allie, Buffler,
& Lubben, 2000; Keys, 1999a; Lerner, 2007). Adate specialized skills, any
measure of scientific reasoning via scientific imgtis confounded; effective
reasoning may be obscured by poor writing or sinaplgck of proficiency with
science writing (Lerner 2007). Thus the use aérsoe writing as a data source for
scientific reasoning is a more conservative meathizne direct observation. As
scientific writing is a highly authentic and regdélvailable data source for assessing
scientific reasoning in higher education howewMeis tonstraint is acknowledged, but

does not alter the decision to use scientific respas a major data source.

Defining features of scientific writing
Scientific writing varies notably from other forro§formal writing and from
informal writing as well. Keys (1999a) identifissientific writing as differing from

other forms of writing in that scientists use:
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[1.] grammatical metaphpor the condensation of several words that describ
an action or process into a single noun, sughhasosynthesis,
metamorphosisyr polymerization..

[2.] expansion, the building of semantic relatidpstbetween events by the use
of additional clauses that further specify, defimeextend the initial
clause. Expansion includes three main types: éjoehtion—further
defining or clarifying an idea; (b) extension—jaigitwo unique but
related ideas; and (c) enhancement—qualifying witther information
such as time, place, cause, or condition...

[3.] lexical density a high number of content words per clause;

[4.] writing in the voice of third persgmand...

[5.] many [explanatory word$or events, such asause, represent, produce

andform. [numbers and all underlined emphases addedt;jzed

emphases are original] (p. 1046)

In addition to the differences delineated aboviergific writing also
commonly uses an identifiable organizational formeh an introduction/ purpose,
methods, results, conclusions (Keys 1999), citegeaces to other scientific work
and contains figures, tables or other graphicalesgtations of data. Scientific
writing also strives to avoid value-laden adjectiee adverbs in an attempt at
objectivity. A complete absence of bias is impoleshowever, as even the questions
scientists choose to pursue are affected by sbeaiethpersonal influences (Kuhn
1970; Simonton 2004). It has been recognisecedime early 1900s that scientific
writing differs sufficiently from other forms of wing and that to learn to write
scientifically, students must either be taughtdaventions explicitly or be notably

enculturated to scientific writing as a genre (K&999; Lerner 2007).

How science writing can facilitate science reasgnin

Writing in and of itself has historically been viedvas an effective
pedagogical tool due to the creation and ownerghigmowledge and reflection it
encourages and has evolved into movements sutie &d/titing Across the
Curriculum’ and ‘Writing to Learn’ which have grown higher education and K-12
institutions over the last few decades (Connallyi&rdi, 1989; Keys, 1999b; Klein,
1999) and in science laboratories in particulariiee 2007). There has been debate
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over whether expressive creative (more personalingrvs. more constrained,
scientifically focused writing has greater poweetgender learning and many
advocates of writing to learn suggest expressivaformal writing is beneficial in
science classrooms as well (Hand, Prain, & Wallat682; Keys, 1999b; Keys,
Hand, Prain, & Collins, 1999). To some degreet, dedate is irrelevant to our
purposes here. Even if creative writing were tortoee effective at stimulating
engagement, the specific skill of comparing anduatang scientific ideas and
justifying scientific conclusions with data in arpeasive written form is a desirable
skill that can only be acquired by practice in ¢femre of scientific writing (Keys
1999).

Most active research scientists in academic setpgear to view writing as
an integral component of their science and a peottedt stimulates them
intellectually. Yore, Hand and Florence (2004vsyed and interviewed tenured
and tenure-track faculty from life-sciences, phgkgciences and engineering
disciplines. Explicitly, the scientists offerecetidea that writing serves more than
just a communication function; it also helps thenmtprove the clarity of their ideas,
generate new insights and synthesise the informatioew ways (Yore et al., 2006;
Yore et al., 2004), though the recognition of ttamsformative effect of writing was
more tacit for some individuals than others (Ydtand et al. 2002). In particular,
scientists interviewed by Yore and colleagues \élhe reflection and
metacognition that writing encouraged and the tegubelf-assessment. “[W]riting
helped them to clarify ideas and detect fault®@id, inconsistencies in claims,

evidence and warrants, and voids in backgroundté¥a al., 2004, p. 364).

Developmental trajectories of student scientifidtivg

Past research provides important clues as to hatmgvrs best incorporated
into the curriculum. Writing can stimulate scidiatreasoning and knowledge
generation in students as young as middle scham{KR000) and indeed explicit
instruction on the role of writing in scientific &wledge generation is heavily
recommended (Campbell et al., 2000; Keys, 19949492000). The simple act of
writing alone is insufficient however. When stutteare asked to communicate the
outcome of their scientific investigations withauty specific writing prompts, most
students simply regurgitate factual informationhaittle interpretation or discussion.
Explicit identification of writing goals to studemtsuch as the consideration of
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alternative explanations, or the need to justifgatosions or provide rationales,
appears to be necessary to facilitate synthedisctien and scientific knowledge
generation (Keys 1999).

For example, Campbell and colleagues (2000) gas@mimg university
freshman a physical science problem set in a redbveontext and asked them to
work in collaborative groups to differentiate betmgwo alternative hypotheses.
The outcome of their work was to be written intod.full report detailing all aspects
of the experiments, measurements, calculationgeagghs as well as your findings
on who is right or wrong.” (Campbell, Kaunda et2000, p. 842). The purpose of
the study was to determine students’ baselinetisilprior to instruction. This
contextualized, real-world problem solving situatmpntained all the elements
desired in a quality scientific report — alternatexplanations that must be tested and
refuted, multiple possible methodologies, a neegustification of conclusions, etc.
Student reports fell far short of hopes and expiectsa. however. Most students
failed to see the connection between methodologyresulting data. No student’s
report contained methodological rationales andrsél@cked any description of
methods at all. The authors did not report ordéegree to which students’
conclusions were supported by data, but did recamntigat “[i]f an ability to
communicate [ones' scientific process] is consdl@reecessary element of science
learning at university level then the communicatdiscience should be taught
explicitly and alongside the procedures and corscepscience.” (Campbell, Kaunda
et al. 2000, p. 851).

Similarly, Keys (1999a) found that wheli raders were asked to conduct
two inquiry investigations and “provide a writtegport detailing the behaviors that
you observed while watching your animal.” (p. 1047@) “evaluate the creek
water...based on what you know about physical charatits, chemical
characteristics and macroinvertebrates,” (p. 104&)50% of the individual reports
and 75% of the collaborative reports results inpdariknowledge telling” in which
content knowledge could be dense, but inferencéswantheses were rare or non-
existent (<3 inferences per report). Students also failgordwide information on
their methodologies and only reported results,noftéhout any interpretation or
conclusion (Keys, 1999a). In contrast, when K&@0) provided a similar
population of 7-8 graders engaged in a soil erosion inquiry projéti a writing

prompt that requested:
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1. Your scientific opinion of how bad the erosien.

2. Detailed evidence supporting your opinion, uidahg the results of
specific observations and measurements.

3. A description of how you carried out the obaéinns and
measurements.

4. How your findings compared with your predicson

5. Possible causes of [the] erosion... (p. 689)

All students wrote reports that included approprddta and observations,
methodologies and reasoned conclusions. Most “.. rgéee new knowledge and
explanations specifically from the act of writing. Therefore students as young as
eighth grade can engage the mature cognitive psarfamaking the ‘return trip’ from
the [written] discourse space back to the conteats.” (p. 687). Further, Keys
asserts that middle school students when propepgated can “engage in high
levels of scientific thinking including generatihgpotheses, evidence, meaning for
patterns, and knowledge claims. Thus, they leascazhce from the writing
experience...” (p. 688). The act of writing and ceying ones’ scientific journey
can therefore be seen as an important componénaijourney. Practicing
scientists find that the act of writing enhancepanticipates in their processes of

scientific discovery.

Summary of the role of writing in scientific reasan

Students (novice scientists) should therefore loewaged to generate both
scientific insight and knowledge while learningefibectively communicate through
writing. Writing serves as both a means of faaiiitg scientific reasoning as well as
providing a data source for evaluating studentgites. The benefits of writing are
further likely to be multiplied when writing is cdsimed with peer review. Peer
review may accelerate the development of both siereasoning and writing
because of the critical thinking and evaluationlskequired and repeatedly practiced
as students evaluate the claims and evidence iofptbers. The inevitable
comparisons that will be made when students ealingt work of others may also

stimulate self-assessment and metacognition.
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What is peer review?

Definition of peer review

Peer review is the evaluation of scientific worklaeasoning by scholars
who work in similar or complementary areas (petrs)etermine whether or not
proposed work should be funded or published (Nati@tience Foundation 2008)
and is a ubiquitous process in science (Ziman 193B)ccess as a scientist is
predominantly defined by one’s ability to publishpeer-reviewed journals and
secure grant funding (Mervis 2000). Despite itarneniversal use as a means of
providing active feedback and exerting subsequéhtence on the forefront of
research, only a small amount of research has ¢cm®ucted on how scientists
respond to peer review. When interviewed, sciemhave reported that addressing
reviewers’ comments about their writing forced thienassess, monitor, and regulate
their science inquiries and research reports (Mem@ence et al. 2006). Hence,
engaging students in peer review is likely to asmulate reflection and

metacognition, thus facilitating the developmensagntific reasoning skills.
Why is peer review likely to improve scientific memning?

Peer-peer collaboration improves student learning

The positive impact of collaborative learning engrally well accepted
(Boyer Commission, 2001; Committee on UndergradBatkogy Education, 2003;
Duit & Confrey, 1996) and has a strong empiricabagch base in science
classrooms (e.g. Hogan, Nastasi, & Pressley, 208isen & Finley, 1996; Osborne,
Erduran, & Simon, 2004). Peer review is a spexaaliform of peer collaboration,
but even such asynchronous, online, written colatian can cause learning gains
(Hoadley and Linn 2000). Mechanisms by which geedback can stimulate
learning or insight include identifying misconcepts, gaps in logic and
unrecognized assumptions. Even when peers areem\peer-peer collaboration is
helpful so long as each peer possesses differaotumacies or inadequacies
(Schwarz, Neuman & Biezuner, 2000).

In fact, when Schwarz and colleagues (2000) paidestudents who both
held misconceptions about the relative value dftioas, three quarters (77%) of the
students could answer correctly after working tigtoaollaborative inquiry tasks

with a misinformed peer (a significant gain at pive 0.05 level) and for nine of the
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pairs, both students overcame their misconceptigribe end of the task. In
contrast, of the 10 students with misconceptions whre paired with a competent
peer (one who had answered the pre-test questroectly), only half could answer
the post-test question successfully which is asigniicant gain p > 0.05). The
authors attribute the greater success of peersvgh®e paired with another incorrect
peer to the fact that peers who held contrastirsgomceptions identified and
corrected those misconceptions through the col&thar process because they
engaged in argumentation and justification. Intiast, social dynamics appear to
differ when one peer is competent and the otherfaotess justification and testing
of ideas ensued in these pairs (Schwarz et al(Q)200

While the collaboration of peers reviewing writi@ork will not contain so
much active justification and back and forth distoss, this result is important
because it indicates that both ends of the peetrsme can provide useful feedback.
Namely, the active requirements of the peer reygesecess will overcome the lack of
interaction in ‘right-wrong’ pairs found by Schwaard colleagues. Competent peers
are thus quite likely to provide useful feedbachjle/these results suggest that less
competent peers may also stimulate positive rawvsstbhrough contrasting
misconceptions. Thus, even less competent peerskedy provide useful feedback
and discussion points to their peers. Similarlgrkwof Rijlaarsdam and colleagues
(2006) focusing on typcial students demonstratatrdceivingany type of feedback
caused significant gains, but students receiwrigen feedbackspecificto their
papers had the largest gains. While the use tdlmmiative work is therefore well
acknowledged in K-12 pedagogical literature, thedbiés of formative feedback on
student learning are less commonly acknowledgéiginer education (Yorke 2003).

Peer review of science writing is likely to beatgularly effective source of
collaboration and formative feedback both becadists authenticity as a scientific
skill and because past research suggests it madprimcreased opportunities to
practice evaluative skills, increase engagementhasd tendency to cause reflection

and metacognition.

Peer review provides multiple opportunities to piree scientific reasoning skills
Each peer review experience exposes a studentltiplawontrasting
examples in the form of peers’ work. At the ingitin where this research took

place each student reviewed three peers’ paperaddition, most instructors who
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implemented peer review also provided three additiexemplars identified as poor,
average and high quality to assist students innstateding how the specified criteria
could be enacted with varying degrees of succéhss, each student who engaged
in peer review during this research project saleast three unique examples and
often six unique examples in addition to their quaper.

Multiple contrasting examples of peers’ work casodbe a critical aid to
helping students to determine the salient critienia given task (Bransford, Franks
et al. 1989). Multiple contrasting examples hagerbshown to be important in
helping students identify which aspects of a phesmwon are relevant and which are
incidental (Driver and Scott 1996). These multipgortunities to apply one’s
knowledge of the criteria in a relevant context Wddacilitate students finding
weaknesses in their own work. In addition, peeiewg simply increases the time
that students spend comparing and evaluating stdethibughts. In and of itself,
time on task has been found to correlate with greathievement regardless of
instructional method (Admiraal, Wubbels, & Pilo§99; Timmerman, Strickland, &
Carstensen, 2008; Trowbridge & Wandersee, 19%Mdareover, concerted and
repeated practice over time is an important compiboideveloping expertise
(Ericsson and Charness 1994).

Beyond just the additional opportunities to praicitical thinking and
evaluation skills, peer review potentially providetevant formative feedback.
Formative feedback has been shown to have signtfloanefits for improving
student work and learning (Chinn & Hilgers, 200@yvRz, 2002; Topping, Smith,
Swanson, & Elliot, 2000; Yorke, 2003). Without déack, students cannot assess
whether or not their conceptions are accuratedwad whether or not they are
learning at all.

Peer review encourages reflection and metacognition

Reflection and metacognition are also critical lfeatiors of meaningful
learning (Baird & White, 1996; Bloxham & West, 20®bpe, 2005; Yore et al.,
2002). Students’ comments on end-of-term evalnatai our institution and
elsewhere (Stefani 1994) indicated that the prookpser review often stimulates
such reflection and self-assessment possibly Igadimetacognition.
Metacognition is the conscious control of one’siézg; when students are
metacognitive, they are aware of where and wherhamdthey have learned
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something fostering greater construction of knowkdr conceptual change (Schraw
and Dennison 1994; Baird and White 1996). Theohutriting and particularly the

act of revision itself often leads to metacognit{eys et al., 1999; Klein, 1999;

Yore et al., 2004). Other researchers have sughéste undergraduates may gain as
much from the act of reviewing as from the peedbeek they receive because of the
self-reflection which is stimulated when studer@wiothers’ work and make internal
comparisons with their own (Cho, Schunn et al. 200%&er review may thus
stimulate metacognition on both levels: becausb@toncrete acts of writing and

revision as well as the forced evaluation of otherork.

Peer review increases engagement in coursework

Increased personal relevance and increased stimd@htement are commonly
indicated preferences of students in a wide vaoétfassrooms (Fraser 1998; Fraser
2002). As peer review and scientific writing atgheentic scientific skills and desired
professional competencies (Cicchetti, 1991; Mardhageley, 1999; Yore et al.,
2004), it is plausible that students, as aspiroigraists, would perceive opportunities
to practice these skills as personally relevargse&sing the quality of peers’ papers
and receiving feedback also is likely to make stisiéeel more actively engaged in
the assignment. There is a general perception gifi@@ulty who use peer review in
their courses that students respond positivelyrcMaides and Simkin report student
comments such as “This was very useful to me. @t other professors do this?”
(1995, p. 223). More systematic and quantitagivaluations of the effects of peer
review are “alarmingly sparse” however in the woofi$lanrahan and Isaacs (2001)
who conducted the only evident quantitative stuldgtedent perceptions of peer
review in science writing.

When students were given the query “What do yktivere the pros and
cons of doing peer and self-assessment on the assgynment?” a survey of
students in a third year health psychology couns@d eight major themes in student
perceptions of the peer review process (Hanrahdnsaacs 2001). For the reader’s
convenience, these themes are highlighted ircstalStudents reported that peer
review wadifficult, though most students focused on either the difficof being
objective in one’s self-assessment, or perceivekl ¢é credibility of peers or
unfamiliarity with subject matter (essay topicsigdrand the course contained
students in multiple programs of study) (Hanrahad lsaacs 2001). As all students
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write on the same topic when doing peer reviewiaholgy courses these concerns are
not terribly applicable to this study. Studentsoaleported that peer feedback
provided abetter understandingf the assignment and its criteria and that baivig

to compare their work to othemsas instructive (Hanrahan and Isaacs 2001). They
reported that the process overall wasductiveandcaused an improvement in their
writing either through self-reflection or by developingical thinking skills.

Students identified the followingroblems with implementatiothe process was time
consuming, some peers put little effort into tlessessments, and reviewers did not
receive any feedback on the helpfulness of thewrrments. Lastly, students
expressed that they fampathywith their instructorsmotivationto write well and
impress their peers amtiscomfortwith having their work exposed to others as well
as with being placed in the role of critiquing same else. Hanrahan and Isaacs
(2001) did not quantify the frequency of these stugerceptions, but do suggest
that future work quantify and validate these thetoedetermine if the benefits
observed by their study are universal to the poépeer review or specific to their
context and situation.

In more informal surveys, students’ comments vpargtive, and faculty
perceived them to be more engaged and more madivlaéa in courses without peer
review (Stefani 1994). In first year biology coessvhere students peer reviewed
written laboratory reports (n = 120), “100% of #tadents said that [peer review]
was more time consuming and over 75% said thaa fnard,” but “100% of the
students said [it] made them think more, 85% damlade them learn more and 97%
said that it was challenging” (Stefani 1994). tadpate psychology courses where
students peer reviewed potential manuscripts (B st@dents) they rated the process
of peer review and revision as 8.98 (on a scale where 1 = worthless, 10 = learned
a lot) and the value of reviewing other peoplejsgra as 7.9 2.3 (Haaga 1993). In
comparison, students rated the value of givingvaatthing oral presentations less
favorably (7.0 +2.4 and 4.4 2.1, respectively) indicating that they perceipeer
review as a more useful exercise (Haaga 1993)aligteven non-science majors
more often identified peer-review as a preferredrigng tool compared to other
learning aids such as graphic organizers, videas® studies, personal experience, or
study group discussions (Pelaez, 2002).

Thus, there are anecdotal and qualitative dataatidg that students find peer

review beneficial though it is challenging and tiomsuming. In particular, students
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believe it improves their writing and their abiliiy think critically, as well as
stimulates reflection and metacognition by encoumggvaluation and comparison.
A current gap in this research base is the lackuahtification of these perceptions
however. Do the majority of students feel peerawns beneficial? Is improvement
in critical thinking a rare or common perceptioN® information is provided in the
literature as to how students perceive the rolgeeft review in the scientific
community, nor if they see connections betweercthgsroom and scientific
community. Student perceptions are valuable fernisight they provide into
motivation and effort. Such affective dimensioas also affect performance, but
even if students were unanimous in their appremiadi peer review, such
perceptions may or may not be accurate reflecti@ctwal changes in students’
performance as a result of peer review. To detegrthie effect of peer review on
actual performance of scientific reasoning tadkis, mecessary to turn to other

sources of data.
How do we measure students’ scientific reasoninglitibs?

Multiple measures for a complex concept

Scientific reasoning, by definition, occurs in thaccessible interior of the
mind. What is visible to the researcher are theaues or actions generated by
these acts of reasoning. Potential data souroge faom ethnographic observations
of a person’s actions while in the laboratory,ntentional communications such as
written reports or oral explanations to direct qisgsng by an interviewer. Given
that reasoning occurs within the mind, it is plalesthat asking subjects to articulate
their thought processes would be a direct measureafi¢heir reasoning. Research
shows that self-reports of reasoning are oftencmate or incomplete however.
Scientists have been shown to be: unaware of atgohagpects of their thought
processes and therefore leave out critical portidriseir scientific reasoning
processes (Feldon 2007) or oblivious to the syesrgnd distributed reasoning
provided by collaborators (Dunbar 2000). Otherfgssionals such as teachers are
similarly shown to not be aware of disjunctionswstn their voiced intentions and
their actions (Simmons et al., 1999; Wubbels, Birekes, & Hooymayers, 1992).

Reasoning is therefore best measured by a varietsita sources that provide
triangulation for conclusions (Mathison 1988; Jaimand Onwuegbuzie 2004).
Beyond the student perception of the impact of ped@ew already discussed above,
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this study will focus on measuring student reaspaipilities using two different data
sources: a detailed investigation of students’aeiag as evidenced in their science
writing and a more conservative measure of thalitigs on a previously published
multiple-choice test. Subsequent sections focugsearch relevant to the substance
and reliabilities of rubrics for measuring reasgnin science writing and the

previous findings of th&cientific Reasoning Teapplicable to this purpose and
student population.

The laboratory report is the chosen data sourcddt@rmining student
reasoning because it is commonly employed in mam@nee courses (providing a
natural source of data over several years for saglent) and because it most closely
approximates a real performance assessment: gificimanuscript. In order to
measure scientific reasoning using students’ vgjtielevant criteria must be
selected or developed. Criteria used by profeasiaierees for scientific journals
combined with past research on rubrics for studeignce writing and discussions
with biology faculty provide an appropriate contéxtthe development of criteria
that would apply across a wide variety of biologlgdratory reports. Such criteria
and a rubric built from them would be termadversalbecause it would identify the
attributes of effective scientific reasoning andtiwg regardless of the subject matter
of the assignment or course (within a science majlbrwould also provide students
with a consistent and explicit set of criteria agawhich to measure their
performance and therefore also function as antefeelzarning tool for students. As
described above, when students are asking to comatartheir research through
scientific writing and are not provided criteriagwals for what should be included,
the outcome is primarily just “knowledge tellinggdxhaustive lists of factual
statements or the final outcome of the work with@atitbonales or explanations)

(Keys, 1999a) even at the university level (Camiplbelunda et al. 2000).
Development of a rubric thus provides a pedagogisalell as methodological

benefit.

Criteria used in professional peer review

The National Science Foundation provides only twiteica applicable to all
grant proposalsintellectual meritandbroader impact§2008). Intellectual merit
combines a reviewer’s assessment of the appropesseof the research design with
the qualifications of the researchers in lightha# significance of the research topic
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and the likelihood that it would have a “transfotiv&’ impact on knowledge in the
field (National Science Foundation 2008). The Heyampacts criterion is
concerned with the synergistic potential of theposal and likely societal impacts.
Thus, for university students, these criteria iatkcthat students must develop a
sense of theontextand subsequestgnificanceof their work as well as the
methodologyand outcomes.

Another source of information on the criteria ubgdorofessional referees are
the instructions provided to reviewers of manugsrgubmitted to journals.
Reliability studies of professional peer review édor the most part focused on
highly prestigious journals with high rejectioneaitin the social science and medical
fields (Cicchetti, 1991). These studies are thmary source of information on the
criteria used by professional peer review. Initaldto the expected request for an
overall recommendation on whether to publish theusaript, two criteria were
consistent across all journals for which informatwas availablesignificance and
methodology(Cicchetti, 1991; Marsh & Ball, 1989; Marsh & Bell981; Petty,
Fleming, & Fabrigar, 1999) (Table 2.1). Thusppears that these two criteria are
broadly agreed upon in the scientific community ahduld be a focus of
pedagogical strategies aimed at developing uniyesgsidents’ scientific writing and

reasoning abilities.

Other criteria commonly included in professionatipeeview included
writing quality (Cicchetti, 1991; Marsh & Ball, 1989; Marsh & Bell981) literature
review(Cicchetti, 1991; Marsh & Ball, 1989; Marsh & Bell981),succinctness
(Cicchetti, 1991)originality (Cicchetti, 1991) antheoretical contex{Petty, Fleming
et al. 1999). To further investigate the craesn which professionals judge science
and science writing, Marsh and Ball (1989) did ateat of analysis of written
critiqgues of journal submissions and created atuatian sheet with a total of 21
criteria. They then solicited at least two revidarseach of 278 manuscripts
submitted to thdournal of Educational Psychologising these 21 criteria. Using
factor analysis, they determined that all 21 itemsdensed back down to four
criteria commonly stated in instructions to reviesvel) research methods, 2)
relevance to readers, 3) presentation clarity,frgignificance which were already
identified by that and other journals (Table 2.Relevant or appropriate for a
journal’s readership is the only criterion listdzbae which is not relevant to student
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papers. Thus, there appears to be a general agmeanthin the scientific
community thamethodological competency, appropriate contextqaedee literature
review, strong significancandwriting quality are fundamental attributes of high
guality research and science writing (Table 2.1 St®tnberg & Gordeeva, 1996).
Consequently, there is strong support for includhese criteria in the Universal
Rubric for Laboratory Reports and such inclusiol assist students in identifying

and developing the skills desired of practicingeststs.

Table 2.1. Criteria Used in Professional Peer Review.

Journal of Journal of British Journal of
Abnormal Personality and  Medical Educational
Psychology Social Psycholog§ Journal® Psychology
Criteria
Significance/ X X X X
Importance
Design/Analysis/ X X X X
Methodology
Writing quality X X
Literature review X X
Appropriateness
for this journal’s X X X
readers
Succinctness X
Theoretical context X
Originality X

Note.All journals also asked reviewers to provide aarall recommendation regarding
publication. Y(Cicchetti, 1991)*(Petty et al., 1999)*(Marsh and Ball, 1981, 1989)

Reliability of professional peer review

The selection of criteria and development of aicuis only half of the
process however. The utility of the rubric forbbo¢search data collection and use
by instructors in biology laboratories must be aa#td by testing the reliability of
the scores it generates when the rubric is apptietidents’ laboratory reports. As a
means of providing context, the reliability of thdoric developed for this study was
compared to the consistency of professional regei@escience journals and against
previously published relevant rubrics for measustglent written reasoning and
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argumentation. Marsh and Ball (1989) reviewedtL8iss on professional peer
review of manuscripts submitted to various soa@rsce journals from 1973 to 1984
and found that single rater reliabilities whilersigcantly different from chance, were
distressingly low (mean single-reviewer reliabilitfy0.27 +012; range 0.08 (n= 216
manuscripts) to 0.54 (n = 0.87)). “Single-reviewarability [was] defined as the
correlation between two independent reviews ofstiae manuscript across a large
number of manuscripts submitted for publication’aflsh and Bell 1981). This
finding of low reliability among referees has beeplicated by other focused studies
(r = 0.29 Petty, Fleming et al. 1999) and metays®d on scientific manuscripts (r =
0.07 to 0.37 Cicchetti, 1991). Grant proposalsehaigher reliabilities, which may be
partially due to the greater number of reviewersaér reliability for total score =
0.49, Marsh & Bazeley, 1999). Such reliabilitpses are still below those
considered acceptable if a researcher attempteddicsh an instrument with such
scores however. At least, overall single rateomamendations to publish or fund are
consistently more reliable than individual critef@icchetti, 1991; Marsh & Ball,
1989; Marsh & Bell, 1981; Petty et al., 1999) hilt bovered around 0.30 to 0.34.
Many explanations have been given for the distglgitow consistency of
professional reviewers. For example, editors mésntionally select reviewers of
contrasting viewpoint for manuscripts on controig@ropics, (Cicchetti, 1991),
reviewers have been shown to have bias towardandse current “hot” topics,
even at the expense of appropriate methodologys@fvjiDePaulo et al. 1993) and to
favor some papers over others based on the presttge institution or author (Petty
et al., 1999; Ross et al., 2006 ), author gendettyPFleming et al. 1999), primary
language of the author (Ross et al., 2006) or éxariength (Petty, Fleming et al.
1999). One explanation conspicuously missing ftbese discussions however is

that reviewers were provided simply with a listcateria, rather than a rubric.

The distinction between criteria and rubrics

Criteria are central to evaluation. Without explidentification of the
gualities that are valued and sought after, evalnatannot occur. These qualities
may be defined to varying degrees and range frghiysubjective (e.g.
“outstanding research which advances the fieldhighly objective (e.g. “text length
in words”). The distinction between criteria amgbnics is that rubrics provide
descriptions of the performance at level for eadtlercon (Kuhs, Johnson et al.
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2001). These guidelines inform the reviewer ashere the decision lines between
different levels should occur and thereby encouragewers to interpret the scale in
the same way and use the same decision break paifitsout a rubric, reviewers
may have different expectations or definitions effprmance levels leading to vastly
different applications of the point scale. Evenlengraduate peers from a wide
variety of university settings can produced higtdlyable ratingsdq = 0.88) when

they use a well-defined rubric (Cho, Schunn, & \6fis2006).

Use of rubrics in higher education

Whilst faculty in many higher education institutgorequire graduate teaching
assistants to use criteria or evaluation worksh&hen grading undergraduate
laboratory reports (our institution and Kelly anak&o 2002), there is a paucity of
published research on the reliability or validifyrabrics in that context or on the
natural consistency of graduate students in asgigmiades. The only information
found by this author to date indicates that gragltedching assistant and faculty
instructor grades correlate poorly when using #maesdetailed list of 14 criteria
(Kelly and Takao 2002). A rubric designed aroundepistemic model of students’
claims and justifications produced high reliability= 0.80) when two trained raters
applied it to the same papers graded by the teg@ssistants. The rater’s relative
rankings did not correlate however with either gneduate teaching assistant scores
(r = 0.12, nor the faculty instructor’s relative rankingtbe case study paper$his
finding suggests that there may be a strong dififg¥en the efficacy of a list of
criteria versus a rubric and that graduate teacassgstants and instructor would

benefit from the use of rubric.

Need for an appropriate rubric for university scoenwriting

Educators and mentors frequently identify achievergeals for students in
terms of writing and reasoning and advocate theotisagbrics across a great variety
of fields (Arter & Mctighe, 2001; Kuhs et al., 2Q00revisan, Davis, Calkins, &
Gentili, 1999), but this author has yet to finduanic in the published literature
applicable to university science writing that hage psychometrically tested.
Extensive and well-reasoned published rubrics d@rific reasoning exist, but lack
reliability testing (Halonen et al., 2003) or aesned for venues other than writing
(observing students in the lab, Baxter, Shavel&migdman, & Pine, 1992; Germann

& Aram, 1996; oral presentations, Hafner & Hafr#903; verbal discussions, Hogan
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et al., 2000). For example, Hogan, Nastasi andshRrg (2000) specifically
developed a rubric to assess reasoning complétyif was designed for the less
structured venue of group discussions. Consequemltile several of the six criteria
are relevantj(stification, detail, explanation, logical cohei@) because the
performance levels of this rubric largely count thenber of instances in which any
student exhibits the behavior, it could not be ukbghpplied to student written work.
For example, the performance levels for the coteofjustification (which is
concept central to the Universal Rubric) are bagethe number of justifications
provided per idea, without any overarching seng@efjuality or priority of the
justifications. Such criteria make sense withrtiwre free-ranging nature of group
discussion, but this rubric is largely uninformatwhen transferred to written work.

It should be noted however that Hogan and collesig2€00) scheme does
provide direct support for the Universal Rubriderion of Discussion: refuting
alternative explanationas their definition of synthesis is “a measure @ifand if
opposite views are accounted for, which is a hallnod dialectical and higher order
thinking" (Table 5, p. 398). Besides being hartrénslate in practice, when Baxter,
et al. (1992) compared rubric reliabilities fromsebvations of students performing
laboratory experiments vs. those same studentstaadry notebooks they found that
reliability scores varied based on medium. Therefaubrics developed for other
media suggest general concepts or priorities, &omat be borrowed directly as
measurement tools for written laboratory reports.

Rubrics designed specifically to assess writingualdoand many have been
reliability tested, but they are for non-sciencétimwg forms such as narratives or
persuasive essays (Baker, Abedi, Linn, & Niemi,3;99arcoulides & Simkin, 1995;
Novak, Herman, & Gearhart, 1996; Penny, JohnsoGo&don, 2000) or even if they
can be applied to science writing, are so genar&d @revent them from being useful
for assessing scientific reasoning and other dosécific abilities. For example,
Cho, Schunn and Wilson (2006) have a rubric whizh heen applied to writing in
16 different courses ranging from history to psyobgy at four different higher
education institutions. This rubric has been shtavne highly reliable both in terms
of agreement among peer reviewars=(0.88) and between peers and instructor
assessmentsi (= 0.89). But the three criteria comprising thdtric flow, logicand

insigh) do not address many of the qualities valued énsttientific community (e.g.
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intellectual context, significance, methodolpgyd are therefore insufficient for
evaluating scientific reasoning in particular.

What are available for science writing at the ursitg and post graduate
levels are criteria lists (Haaga, 1993; Kelly & &ak 2002; Topping et al., 2000), but
because they lack performance levels they consdgueve poor reliability among
raters. While Topping (2000) found high similarittythe counts of positive, negative
or neutral comments made between peer reviewermatrdctors, most other studies
investigating the actual point values assigneddsr paters versus instructors had
very little consistency (Haaga 1993), even whenhnasking papers (Kelly and Takao
2002). Specifically, the teaching assistant amedctiurse professor agreed on the
ranking of only one out of four case study paped @assigned similar total points
scores for only two out of four (Kelly & Takao, Z0)0 In contrast, when the
researchers reviewed the same papers and asdessgastemic levels of student
argumentation using a complex rubric, the inteewragliability wasr = 0.80.

It thus becomes clear that rubrics generate faemaliable and therefore,
informative assessments of students’ scientificimgithan do lists of criteria. Use
of a rubric is therefore advocated for any meastistudent performance. The
question then becomes, what criteria should beidted in the rubric and what

performance levels should be defined?

42



ey

Table 2.2. Common Themes in Published Criteria for Sciendényy or Scientific Reasoning.

(Kelly and Takao 2002§

(Halonen et al., 2003)

(Haaga, 1993)

(Topping et al., 2000} Professional peer
review or other

research literature

Study Context Undergraduate
oceanography scientific
report

Instrument Not tested

reliability

Performance levels None specified

Universal Rubric for Laboratory Reports Criteria

“Clear distinction between
portions of the theoretical
model supported by data/

Context

background knowledge and

those which are still
[untested.]”

Significance

Hypotheses are
Testable

“A clear, solvable problem
is posed...

...based on an accurate
understanding of the
underlying theory.”

Hypotheses have
Scientific Merit

Desired psychology
curriculum outcomes

Not tested

(5) “Before training” to
“Professional”

Degree of theoretical/
conceptual framework
(Table 2, p. 199)

Graduate psychology
manuscripts

r=0.55

None specified

“background (primary lit) is
covered adequately”

Graduate psychology term
papers

Not tested

None specified

“clear conceptualization of
the main issues”

“literature review”

(Cicchetti, 1991; Marsh
and Ball, 1981, 1989;
Petty et al., 1999;
Sternberg & Gordeeva
1996)




4%

(Kelly and Takao 2002}

(Halonen et al., 2003)

(Haaga, 1993)

(Topping et al., 2000 Professional peer
review or other

research literature

Experimental
Design

Data Selection

Data Presentation

Statistics

Conclusions based
on data

Alternative
explanations

Limitations

Primary Literature

“Multiple kinds of data are
used when available.”

“Available data are used
effectively. Data are
relevant to the
investigation.”

“Observations are clearly
supported by figures”

“Conclusions are supported
by the data.” “Text clearly
explains how the data
support the interpretations.”

“Data adequately
referenced.”

Sophisticated observational
techniques, high standards
for adherence to scientific
method, optimal use of
measurement strategies,
innovative use of methods
(Tables 1 & 3, p. 198-199)

“Uses statistical reasoning
routinely” (Table 3, p. 199)

“uses skepticism routinely
as an evaluative tool”

seeks parsimony
(Table 5, p. 200)

Understands limitations of
methods, “bias detection
and management”

(Table 3, p. 199)

Selects relevant, current,
high quality evidence, uses
APA format (Table 6, p.
201)

“conclusions follow

logically from evidence and

arguments presented”

(Cicchetti, 1991; Marsh
and Ball, 1981, 1989;
Petty et al., 1999)

“new data (type, range,
quality)”

“conclusions/ synthesis”

(Dunbar 1997; Hogan,
Nastasi, & Pressley,
2000)

“references”

“Literature review”




(Kelly and Takao 2002} (Halonen et al., 2003) (Haaga, 1993) (Topping et al., 2000 Professional peer
review or other
research literature

1%

Writing Quality “Clear, readable focused  Organization, awareness of“well written (clear, concise, “structure (headings,
and interesting. Accurate audience, persuasiveness, logical organization and paragraphs); precision and
punctuation and spelling.  grammar (Table 6, p. 201) smooth transitions” economy of language;
Technical paper format spelling, punctuation
[complete and correct].” syntax”

Additional criteria Clear distinction between  Awareness, evaluation of “Goals of the paper are “psychology content”

expressed in observations and and adherence to ethical made clear early” “ .

literature, but not interpretations. standards, and practice. Advance organizers

: L P ' p bstract, contents)”

included in the (Table 4, p. 200) @ '

rubric as they either “Scope of the paper is “originality of thought”

lacked universality, Epistemic level: Arguments appropriate (not over- I . —

or were prioritized  build from concrete data to Scientific attitudes and reaching or over broad)” action orientation

less by faculty as more abstract theory. Each values: enthusiasm,
discrete concepts.  theoretical claim supported objectivity, parsimony,
by multiple data sources.  skepticism, tolerance of
ambiguity (Table 5, p. 200)

Note: If not indicated directly in the table, quotatiomere found as followsKelly and Takao, 2002, Table 1 p. 31%4aaga, 1993, Table 1 p. 29Topping et al., 2000,
Appendix 1, p. 167



Selection of criteria for a universal laboratorypert rubric at the university level

Beyond the demonstrated need to use rubrics ohstiesimply lists of
criteria when evaluating papers, what can be gkkémoen these studies are the
gualities valued in science writing at the univigr&vel. A survey of research
literature on the subject of university-level saemwriting found four relevant
papers that indicated the criteria by which stuslesttientific reasoning skills were
judged (Table 2.2). When the criteria espouseddmntific writing and reasoning
at the university level are compared, consensashgved focontext, conclusions
solidly derived from dataandwriting quality (Haaga, 1993, Halonen, 2003, Kelly,
2002, Topping, 2000). Broad support is generavedde of primary literatureand
experimental desigfHalonen et al., 2003; Kelly & Takao, 2002; Toppet al.,
2000). Surprisingly, whileontext, methodology, primary literatua@adwriting
quality appear in both the pedagogical and professionalrpegw criteria lists,
significanceis conspicuously absent from the classroom bastexddespite its
ubiquitous use as a criterion in the scientific owmity (compare Tables 2.1 and
2.2). Conversely, the criterimonclusions justified by daia found in all the
pedagogical criteria lists and is absent from tlodgssional referee considerations.
This author hypothesizes that the absengriificancefrom classroom evaluations
is a likely result of instructors feeling that stunds lack the content background to
fully appreciate the implications of scientific vikcand see gaps in knowledge or
inconsistencies in the field. Why professional pestew criteria do not lisextent to
which conclusions are justified by dasaconsiderably less clear and open to
investigation.

This failure to make clear to students that anangtion of thesignificance
of scientific work is a desirable quality hindengit development as practitioners of
science. Making thsignificanceof completed work clear should be identified as a
goal of science writing at the university level fao reasons. Firstly, as the
scientific community appears to universally valigngicance when evaluating
scientific writing, it must be included in any hahattempt to develop students’
scientific reasoning abilities. Omitting it woutehder students’ development as
practicing scholars. Secondly, students will iove to understand or consider
significanceas an issue in their work or writing unless iidisntified to them as a
valuable attribute. The values of the scientifid acience education communities
thus provide an important foundation for the depeient of the Universal Rubric.
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Review of Table 2.2 thus indicates that all théecia comprising the Universal

Rubric have support from the science educationaarsdientific community.

Historical perspective on rubric criteria

The reader may also care to recall the discusditimeaole of content
knowledge in scientific reasoning begun at the lr@gg of this chapter and note
that while the criteria selected for the rubric dogain general (not dependent on
content knowledge in any particular area of scigribey explicitly acknowledge
that proficiency in scientific reasoning requirestiang knowledge of the subject
matter and familiarity with the context and procextuof the field. These criteria
thereby represent a shift in the definition andigalof scientific education. Earlier
works focused on a dichotomy between reasoninggesfies vs. conceptual
knowledge. The current consensus of priorities\aldes described here suggests
that neither of those viewpoints is sufficient dhat the ability to integrate formal
reasoning and contextual knowledge now comprisagjar component of scientific

reasoning.

Performance levels for scientific reasoning rubrics

Rubrics are differentiated from lists of critebg the inclusion of
descriptions of possible student performance agdased levels. A literature search
produced one published rubric for scientific reasgmwith relevant performance
levels. Halonen et al. (2003) performance levahge frombefore trainingto

professional graduate and beyo(feéigure 2.1).

Table 3. Description of Proficiency Levels in the Problem Solving Skills Domain

Lewvals of Proficiancy
Components of
Problem Solving Basic Introductory Integrating Advancad Professional Graduate
Skills Before Training Psychology Developing Undergraduate and Beyond
Methods skills: Does not rely Recites steps in Selects and applies Selects and applies Develops unigue
Recognition, on scientific conducting research; appropriate appropriate method applications of
evaluation, method articulates basic methad in simple to maximize validity research methods;
generation knowledge of projects; and reduce establishes a
correlational and operationalizes altemative research focus that
causal techniques; and isolates explanations identifies and builds
acknowledges value variables; identifies on primary interests
of controlled influence of in behavior
comparisons extraneous

varablas

Figure 2.1. A portion of Table 3 from Halonen et al. (2003,199) describing the

performance levels for a criteriomPublisher provides permission for reproductiorhieses and

dissertations free of charge.
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Similar performance levels were selected for theséhsal Rubric developed for this
study. Student performance was expected to rangerfot addresse@o evidence
that the student attempted to accomplish the mitgthroughnovice and
intermediateto proficient(performance expected of an outstanding undergtadar

beginning graduate student)

Research significance of a Universal Rubric foegace writing

Given that no psychometrically tested rubricseperimentally based
science writing have been found in the literatitrappears that the development and
testing of such a Universal Rubric would make ahblat contribution both as a
research instrument and as a pedagogical toolvelsity faculty, teaching assistants
and other practitioners might find it applicableheir pedagogical goals and
implement it directly. Other researchers mightdfgerirom using criteria which
align with those used in professional peer reviea ather research (including this
study) to compare the reliabilities of student pesrewers or the reliability of
various pedagogical groups (teaching assistarasltya. Testing of such a rubric
using graduate teaching assistants would provicdtiaand department chairs with
sorely lacking information as to the natural cotesisy of these ubiquitous
instructors who so far have been mostly vastly loeded in terms of professional
development and pedagogical support (Gaff, 2002]€&@001; Luft, Kurdziel,
Roehrig, Turner, & Wertsch, 2004). Finally, a iabndependent of subject area
allows comparison of student performance acrossipleicourses and assignments
providing a previously impossible longitudinal aygs of the development of

students as scientists.

The Scientific Reasoning Test

Such a fine-grained and detailed analysis of stuperformance restricts the
investigator to a smaller sample sizes (tens afesits) however due to the intense
time and effort that is required to produce eadiirda When one desires to sample
a larger proportion, or perhaps the entire stugeptlation in question (hundreds to
thousands of students) and one does not haveestsirces, a coarser grained means
of assessing student scientific reasoning ab#ityseful. One such instrument is the
Scientific Reasoning Test (SRLawson 1978). Developed to assess university
students’ scientific reasoning abilities acrossaety of subject matters (biology

and physics), it has been applied repeatedly indrigducation biology courses
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(Lawson, 1978; Lawson, 1979, 1980, 1983, 1992; loawvélkhoury, Benford,

Clark, & Falconer, 2000; Lawson, Baker, Didonateyd, & Johnson, 1993;

Lawson, Banks, & Logvin, 2007) and non-biologicejthschool settings (Norman,
1997; Westbrook & Rogers, 1994) and found to bialvd in such contexts (Table
2.3). Positive correlations have also been fowgtd/éen student performance on the
Scientific Reasoning Teahd self-efficacy (Lawson, Banks et al. 2007),
computational ability (Lawson 1983) and biology iasement (Lawson et al., 2000)
as well as using it as a means of assessing tbetigéness of curriculum reform
efforts on student scientific reasoning ability ils®on et al., 1993; Westbrook &
Rogers, 1994).

TheScientific Reasoning Teistbased on a Piagetian understanding wherein
student reasoning abilities vary across of specfrom concrete reasoning which
“...makes use of direct experience, concrete obpatisfamiliar actions...” to
formal reasoning which “...is based on abstractiom tat transcends
experience...” (Karplus, 1977, p. 364). It presuities reasoning is independent of
content knowledge, but uses examples that aremabiofamiliar to secondary and

tertiary students in western nations.

Table 2.3Published Reliability Scores for tigeientific Reasoning Test

Citation # Context Reliability
students score
(Lawson 1978) 513 Year 8, 9, 10 science, 0.86
English and biology
(Lawson 1983) 96 Undergraduate biology 0.76
(Norman 1997) 60 Year 11 and 12 chemistry 0.78
(Lawson, Baker et al. 1993) 77 Undergraduate biplog 0.558
(Lawson et al., 2000) 663 Undergraduate biology 10.8
(Lawson, Banks et al. 2007) 459  Undergraduate fiolo 0.79

Note. Reliability scores are Cronbach’s alphadicates a split half reliability) unless indicdte® be
?Kuder Richardson (KR20).

It is further useful as most of the questions @Stientific Reasoning Tesse a
physical science context thereby avoiding bias td&/any one biology class when
the test is applied across the curriculum. Theegfas a more distal measure of
scientific reasoning ability, th®RTwould also offer insight as to the transferability

49



of the scientific reasoning skills gained by pemni@w. A robust finding of the
cognitive psychology literature is that performadeelines whenever people are
asked to solve abstract logic problems or real-avprbblems outside of the
knowledge domain in which they learned the reagpsimtegy (21 studies reviewed
in Zimmerman, 2000). This decline occurs even wiherprinciples behind the
problems are identical. Therefore, as it useslgnasn-biological contexts and
examples, th&RT functions as a highly conservative measure ofesitg] ability to

transfer their scientific reasoning to new situasio
How has the literature informed this study?

The measurement of scientific reasoning

The research literature has informed this studputiple ways. Past work
illustrates that scientific writing differs fromtwr genres (preventing the ready
adoption of already published rubrics) and thattteasurement of scientific
reasoning via writing is still a developing fiel@ast research by cognitive
psychologists on the development of scientific etipe as well as investigations
into the evaluative criteria used in the scienttficnmunity help to define scientific
reasoning and identify broadly supported criteniarheasuring its development in
our students. Reference to the professional steecdommunity as well as past
pedagogical research suggest that the critemaedfhodology, context, literature,
significance, justification of conclusioasdwriting quality are highly valued
components of scientific expertise which are alsasarable in science writing.

Past research has also strongly indicated thatrpew is likely to be an
effective pedagogical tool for stimulating scieiatifeasoning. Effective peer
review and the collaboration it requires are reatlavskills and thus desirable
learning outcomes as well as useful pedagogicategjies. In particular, peer review
encompasses several of the strategies identifidcgjoye (2003) as accelerating the
development of scientific reasoning expertise. r Peg@ew is an authentic activity in
the scientific community that provides multiple t@sting representations of the
same task, collaboration among students with aerahg@bilities and individualized
formative feedback. The multiple representatiamd f@rmative feedback also both
stimulate reflection, revision and metacognitiveasaness which are necessary for
meaningful learning and the development of experti&necdotal and qualitative

reports of students’ comments suggest that studehitsve peer review improves
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their engagement and reflection. Given the sudpoits use, the question then
becomes, how is peer review best enacted in tlssrdam? Are there specific

instructional scaffolds to improve student perfonceand enhance outcomes?

Peer review as a pedagogical tool: suggestionsnimiementation

Past work on students’ perceptions of peer reviaygsst that they find it to
have a positive impact overall (Haaga, 1993; Hasmmah Isaacs, 2001; Stefani,
1994), but that students have concerns about thgy &l their peers to assess them
effectively (Cho, Schunn, & Wilson, 2006; Hanral&aisaacs, 2001). Students may
perceive their peers comments as being less vawatiielpful than those of a
subject matter expert such as an instructor. péiseption is inaccurate however.
When the average peer reviewers’ scores correiategsy with instructor scores(r =
0.89, n = 254 students over 5 separate coursesSchonn, & Wilson, 2006; r =
0.62 to 0.88, n = 107 students over three yearadtid Hafner, 2003). Cho,
Schunn and Wilson (2006) also calculated the riiliplof amongpeer reviewers
and found that any three to four reviewers hadffactve reliability ofr = 0.55
while using all six peer reviewers produced a baliiy of r = 0.78 (95% confidence
interval = 0.46 to 0.92). It should be noted tihatse correlations and reliabilities
are significantly higher than those produced bygmesional referees (Cicchetti,
1991; Marsh & Ball, 1989; Marsh & Bell, 1981; Pedtlyal., 1999) or between
graduate teaching assistants and faculty instrsi¢kGelly and Takao 2002 515).

Peer reviews are thus viewed as both valid andbielifrom the standpoint of
an instructor who can see the range of variatigraiper quality across the whole
course (and who has access to these statisti¢g), SChunn and Wilson (2006)
make the salient point however that student peimepinay differ because students
cannot see the variation in student paper quatityss the whole class. In 75% of
the 16 courses at four institutions studied, thiéatian among raters on a single
student’s paper exceeded the variation in qualiy that same student was exposed
to as a reviewer (Cho, Schunn, & Wilson, 2006) by, the smaller subset of
papers available to students combined with theivels greater variation found in a
small sample of reviewers skewed students’ peraeptdf the reliability of peer
scores. Students should therefore be grantedsatxése instructor’s viewpoint and

these research data on peer reliability should &@enan explicit part of instruction.
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Cho, Schunn and Charney (2006) also conductednlyadentified
guantitative study on students’ perceptions ofubefulnessf feedback in a science
class. They studied three classes (two undergraduma one graduate). In the first
undergraduate class (n = 28) students received fdiedback from either peers or a
faculty member. While students raised in authodtaeducational systems may
complain that their peers are unqualified to ra&rtwork, undergraduates at this
major US university could not distinguish betwela helpfulness of comments
provided by peers vs. those provided by a facukymoer (p = 0.36, Cho, Schunn et
al. 2006). The average usefulness scores weeastt4.0 (maximum point value
was 5.0) regardless of rubric criterion or sourmidating that students found the
feedback useful regardless of the identity or etigeepof the reviewer. Thus, future
implementations of peer review in classrooms shpubdide explicit instructional
background and/or research data to proactivelyessdstudent concerns about the
guality of peer feedback.

Whilst undergraduates did not perceive any diffeesnn thausefulnessf
the feedback provided by faculty vs. peers,ftimetionof the comments does vary
based on the identity of the reviewer. These dhfiees provide insight as to how
undergraduate students and graduate teachingaasishould be guided in their
development as reviewers. When the review comnfests two undergraduate and
one graduate class were coded as to whether dheyptmade constructive
suggestions for change, the frequency of each caomiyyee varied as a function of
the reviewer’s identity (Cho, Schunn et al. 200Baculty comments varied from
graduate and undergraduate peer comments by beihgbarly twice as long (and
consequently containing nearly twice as many ideesu(p < 0.001) and also
having the highest frequency difectivecomments to any other type (3:1, p <
0.005, Cho, Schunn et al. 2006). Directive commsemre defined as “suggesting a
specific change particular to a writer’s paper”ifleal, p. 269) and could highlight
either strengths or weaknesses. Undergraduate eatarcontained 70% more
praisecomments (positive comments lacking suggestionsiange) than faculty.
Graduate student comments had the highest frequeraciticism (negative
comments lacking a suggestion for improvement)dghariticism was relatively
uncommon overall (Cho, Schunn et al. 2006). ClebuSn and Charney (2006)

therefore recommend that instructors implementiegy peview provide explicit
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instruction and support to encourage undergraduaties more directive (specific
and suggest changes that would improve that pagaarticular) and to encourage
graduate teaching assistants to use more prdisbould be noted that the feedback
provided by graduate students in this study weittemrfor graduate peers however.
Therefore, the tendency towards criticism may reotdpresentative of the comments
that graduate students would provide to undergtaduahen they are teaching.

The findings from these studies indicate that wheer review is used in the
classroom, it is critical that students be infornieat peersre effective reviewers,
as well as provided with support floowto further improve the quality of their

feedback by being more directive.
Summary

The development of scientific reasoning skillstindents is a complex and
multi-layered process requiring spans of severatg/€Ericsson and Charness 1994,
Zimmerman 2000). Science writing is an integrahponent of scientific reasoning
or at least an important product produced by saekaning. Peer review appears
likely to accelerate the development of scientiiasoning and writing due to its
collaborative, metacognitive, and comparative reaag well as the formative
feedback it provides. Measuring the developmerstudents’ scientific reasoning
skills is also a challenge. As scientific reasgnilevelops over time, measurement
tools independent of assignment and course aresageto track students’
longitudinal progress. The development of a rubased on attributes valued in the
scientific community and applicable to a wide viyrief science writing would
provide many fruitful research opportunities. Maty could acceleration of
students’ scientific reasoning due to peer reviewtber instructional interventions
be measured, but also questions concerning thec#xpjectory of how students
develop expertise (which skills develop easily, ahihare more challenging) could be
addressed. Lastly, triangulation using other rogtoff scientific reasoning is
necessary and information on students’ perceptbpger review would be useful
for facilitating classroom implementation. Studemerceptions of the role, function
and consequences of peer review in both the clagsemd the scientific community
are also relevant as they affect motivation, sii€&cy and transferability of

reasoning skills.
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CHAPTER 3
METHODOLOGY

Overview

The purpose of this chapter is to enable the rdadevaluate the
methodologies employed in data collection to assa&shility and validity of the
data from which conclusions are drawn in the disimussections. This chapter is
consequently organized by a general descriptidhefesearch design (mixed
methods) followed by a delineation of the reseayabstions and a description of the
components of the study that are consistent aalbdata types (such as the
population of biology majors or the enactment acdmpeview). Next, the three major
data sources and accompanying instruments areilodcrl) the Universal Rubric
for Laboratory Reports which when applied to studaboratory reports assesses
student achievement in the area of scientific ingand critical thinking skills, 2)
the Scientific Reasoning Tedtawsonet al 2000; Lawson 1978) and 3) tReer
Review Survewhich elicits student perceptions of the procpsspose and impact
of peer review. Sections on each of the data ssunclude a description of the
instrument, the means of administering the instntraed data collection, followed
by a description of the statistical analysis.

Research design

Multiple data sources and measurement types wetosassess the impact
of peer review on students’ scientific reasoningjsskIn particular, an effort was
made to incorporate both broad scale quantitatisasures as well as more detailed
gualitative perspectives to allow triangulation amctease confidence in conclusions
(Mathison 1988; Johnson and Onwuegbuzie 2004)cifsgaly, three major types
of measurements were made: 1) broad quantitatessuores of scientific reasoning
ability using cross-sectional cohorts of studeatsdarch for the overarching impact
of peer review, 2) cross-sectional and longitudasdessments of student scientific
reasoning ability using laboratory reports and stdvritings as data sources, and 3)
student perceptions of peer review using a survely tThe inherently subjective
nature of the laboratory report-based data wadlgnesiuced by using multiple

independent raters and other methods of replicatibhe broad quantitative
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assessment of students’ abilities to reason stimaily was made using a pre-
published multiple-choice instrument that was notdgy specific. The use of both
cross-sectional and longitudinal populations alléevsurther triangulation of
results. Lastly, collecting student perceptionghefeffect of peer review allows an
additional level of insight not otherwise affordesito whether or not students

recognised the pedagogical aims and outcomes afskreictional innovation.
Research studies

The overarching topic of this project is dividedoi ten separate studies
whose inter-relationships were illustrated in Fegr2. Firstly, prerequisite
conditions and assumptions had to be tested. yStuavestigates the degree to
which students are capable of productively engagimeer review — specifically,
that the time and cognitive demands of the taskeasonable and that peer feedback
can cause improvement in student writing. Stutlysed whether the Universal
Rubric produced consistent and reliable scores whefemented by trained raters.
While it had been demonstrated reliable in otheilar student populations, Study 3
confirmed the reliability of th&cientific Reasoning Teist this undergraduate
population. Next the primary thrust of the reshasas to determine the impact of
peer review on students’ scientific reasoning aediand how those abilities change
over time as a result of peer review. Study 4sseskchanges in student scientific
reasoning abilities in a cross-sectional sample&tndy 5 was the same
methodology using a longitudinal sample. The refship betweelscientific
Reasoning Testcores and the number of peer review experiemcesich students
had engaged was investigated in Study 7. Stédae®l 8 investigated the reliability
of the Rubric when used by science graduate staderater natural grading
conditions and graduate students’ perceptionseotitity of the Rubric as the
Rubric could potentially be an effect pedagogicahall as research tool. Lastly,
undergraduates’ perceptions and understandindseqdurpose, utility and impact of
peer review in the classroom (Study 9) and theablgeer review in the scientific
community (Study 10) were investigated because Wwmayld have a direct impact on
student motivation and effort which would affeat fichievement results from
studies 4, 5and 7.
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Table 3.1.Research Studies and Questions

Study Study Title Research Question
1 Consistency and effectivenessCan first year undergraduates enrolled in
of undergraduate peer Introductory Biology be effective
reviewers (consistent and useful) peer reviewers?
2 Reliability of the Universal Is the Universal Rubric a reliable metric of

Rubric for Laboratory Reports scientific reasoning and writing skills in
this population across a variety of biology
courses with graduate teaching assistants

scorers?
3 Reliability of theScientific Is theScientific Reasoning Teatreliable
Reasoning Test metric in this population?

4 Student scientific reasoning To what degree do undergraduates
skills in laboratory reports evidence scientific reasoning skills in their
(cross-sectional sample) laboratory reports and does their
achievement vary by course?

5 Student scientific reasoning To what degree do individual
skills in laboratory reports undergraduates evidence scientific
(longitudinal sample) reasoning skills in their laboratory reports
and how do their skills change over time?

6 Reliability of scores given by How does the reliability and stringency of
graduate teaching assistants scores given by graduate teaching
under natural conditions assistants vary with pedagogical training
and support?

7 Relationships between Does peer review have a greater influence
Scientific Reasoning Test on studentsScientific Reasoningest
scores and peer review scores than academic maturity as measured
experience by academic credit hours and institution
type?

8 Graduate teaching assistants’ How do graduate teaching assistants
perceptions of the utility of the perceive the Universal Rubric as a
Universal Rubric pedagogical tool and would they advocate

its use to others?

9 Undergraduate perceptions of How do Introductory Biology students
the peer review process in the perceive the role of peer review in the
classroom classroom and its effects on them

personally?

10 Undergraduate perceptions of How do Introductory Biology students
the role of peer review in the perceive the role of peer review in the
scientific community scientific community and its effects on

practicing scientists?

Note. See also Figure 1.2 (p.11 or 154) and Table®.1%5) for overviews of the research design.
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Study context

Study population

The university is a large (18,000 undergraduatgf)Bgraduate students)
partially state-funded institution with approximigt&600 faculty, a medical school,
law school and business school in addition to elavalergraduate colleges. Ninety
percent (90%) of the students are state resid@2¥%, of freshmen continue to their
senior year and 62% graduate within six yearsssgls are on a 14 week semester
system with Fall terms beginning in late August &ntgshing in early December and
Spring semesters begin in early January and finiglarly May (www.sc.edu

The population of biology majors has had relativeysistent demographics
over the last five years (2002 to 2007, n=10,386exts for all five year averages).
A notable majority of biology majors are women (62% female) with an average
age of 20 years. Most biology majors are Caucg€ian 2%) or African-American
(19 +2%); other ethnic groups ranged from less thar(l&ive American), 2%
(Hispanic) to 7% (Asian). Eight percent of biolagmpjors did not report an ethnic
group. Categories of student race or ethnic otigied are those defined by the
National Center for Educational Statistics (NCE@8)ected by the university as part
of the admissions process. Ethnic categoriesadf-eeported by the student. Only
one racial code was recorded per student. For aosgm, the overall student body
population at this institution is has fewer womb#a ¢ 0.3% female) and slightly
fewer African-Americans (71 % white and 15 4% black) than the biology major
for the same time period (n = 170,427 studenitBhus, the biology major is
populated by more women and more African-Ameridadents than the institution
as a whole. Any positive outcomes from peer reasvan instructional innovation
may therefore be of interest to those concerneld witlerrepresented groups in

science.

Student sample

Demographics for the courses from which the datewsllected do not vary
notably from the biology major patterns (61% of bielogy majors were female and
63% of the total sample was white, 19% was bladk wingle digit percentages for

all other ethnic groups) but details are providedach relevant section. The
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courses from which study samples are drawn begimtive year-long sequence,
Introduction to Biological Principles | and 1l (BLO101 and 102) which serves as
the entry level course for biology majors. It shiblobe noted that a large proportion
(~55-65%) of the students enrolled in the introducsequence (BIOL 101/102) are
not biology majors, but belong to related healflersce fields (pharmacy, exercise
science, students intending to apply to medicabschut who are majoring in other
fields). Thus, sample sizes vary for specific poipulations depending on whether
the measure was restricted to biology majors dizet all students enrolled.

Subsequent to Introductory Biology, biology majare required to enroll in
three courses: BIOL 301 (Ecology and EvolutionQBI302 (Cell and Molecular
Biology) and BIOL 303 (Genetics). BIOL 301 and 3t#e corresponding optional
laboratories that are quite popular with majors fach which samples for some
portions of the study were drawn. The remaindehefBiology curriculum is
composed of upper division courses of the studehisce (400, 500 and 600 level
courses). Samples for this project were also télen one upper division course
BIOL 530 (Histology) which has a mandatory laborgto

Software
Peer review was accomplished us@®®gibrated Peer RevieW (CPR

(http://cpr.molsci.ucla.edwan online software program developed in the n8ées

by Orville Chapman and other practicing scientdtghe University of California
Los Angeles as part of the National Science Fouoldfiolecular Science Project.
Currently, several hundred institutions acrossliBeuseCPRand over 140,000
students’ accounts existed in the system (Rus$¥1)20Contrary to those who have
usedCPRas a peer gradirgystem, this research used peers predominantly for

formative feedbacknd little if any portion of a student’s grade vadasived from

points assigned by ti@PRsoftware. In this research, students were gradeteir
efficacy as reviewers during the peer review pre@esl writersvere encouraged to
incorporate the formative feedback they receiveatiimrprove their paper before
turning a final version of the paper into the instor for a grade.

All final papers were checked for plagiarism using commercial software
Safe Assignmerivww.safeassignment.corwhich ran through Blackboatd
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The peer review process.

The process of peer review was defined for the geep of this study as
students’ exchanging written work and feedbackavianline, web-based system
that affords anonymity to both writer and revielaut which is transparent to the
instructor and researcher). Each peer review geobegan with students
participating in an open-ended research projeobjeBts were usually collaborative
among pairs or groups of three to four studentsd&tts then wrote their findings
individually in a format similar to that used farisnce publications (Introduction,
Methods, Results, Discussion, Literature Citedeh#er termed a ‘laboratory
report.’). Students are provided at the onsehefaroject with the criteria and goals
on which they will be judged both by the peer rexges and the grading instructor.
These criteria and goals come largely from the Ersal Rubric (see below) with
some assignment-specific modifications. Writgskad drafts of their written
assignments with identifying information removd#tithe instructor has included
them, students read and scoadibration papers (exemplars provided by the
instructor) using the assignment criteria. Theérutor has also scored these
practice papers. The software then distributeb @aiter’'s paper to three peer
reviewers. Reviewers are stimulated by writtemputs in the online system (input
by the instructor) that encourage them to focus feedback on the given criteria
that were backbone of the assignment.

Two forms of feedback are possible in BRsystem. Reviewers can rate
student papers on a scale of 1-10 and provide ateerical ratings of the quality
of a writer’'s work by clicking a rating choice feach criterion or if the instructor
has set the reviewing prompts to include open-emebddooxes, they can write
detailed comments and explanations to the writen. example, in response to a
criterion prompt such as “Are the writer's concluss based on the data?” students
could respond by clicking either “yes or no.” hetinstructor included a text box for
the criterion, the reviewer could also provide stification or explanation of how
well the writer met that criterion. TH@PRsoftware tracks those numerical scores
and flags reviewers whose numerical evaluationgatievnore than one standard
deviation from other peer reviewers respondindhéd same paper.

Once the deadline for peers to provide feedbaclphased, these numerical

and written pieces of feedback are then made dlaita writers online. Writers are
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encouraged to use the feedback to improve theergagor to handing it in to be
graded by the instructor.

Instructions given to students for producing uséfabback

Two forms of accountability exist to encourage stutd to provide useful
feedback. Th€PRsystem compares the numerical ratings made bgwevs and
assigns a reviewer competency index score basbdwrclosely aligned the
reviewers are to one another. For students edroil&IOL 101 a large proportion
of their peer review grade was based on this ctamsiyg rating, the score reviewers
give their papers and how closely aligned the sttisself-assessment was to the
reviewers’ assessment. In BIOL 102, these numlerti;mgs comprised little to no
proportion of the student’s grade. Instead, thplemis was on the quality of the
written feedback comments. In BIOL 102, graduadehéng assistants randomly
selected one review written by each student andress points based on the quality
of the comments.

For both courses, students were provided with afsestructions explaining
the quality of useful feedback. The instructiomduded the following definition of
useful feedback as well as reminders to be resgetfl professional in the written
comments they provide to peers. Students recehestbllowing information in

class and again within the onli@PRsystem just prior to reviewing peer papers.

Useful feedback is

» specific and concrete,

» focuses on the quality of the author’'s argumeng @nclusions
logical and well supported by the evidence/data®her than on
mechanics of writing such as grammar or spelling,

* identifies assumptions behind or consequencesthbds ideas
which the author has not explicitly discussed and

» would likely result in meaningful new content beaulgled to or

revised in the paper.

For the terms included in this study, in BIOL 1@% CPR process was also
preceded by an in-class exercise on how to prodsetil feedback. Students were

60



given examples of feedback and asked to score éseiseful, partially usefulor
not useful. A class discussion followed concerning what wemnerapriate scores for
each feedback example. A handout summarizingettescise was provided to

students for their convenience and use (Tabler&l2Appendix 2).

Table 3.2 Examples From Handout Provided to Students tmwlrage Them to be

Effective Reviewers.

Feedback item Useful? How to improve the feedback

1. Your paper is GREAT! How did you No Provides no actual information to the
come up with your idea? writer on HOW to improve the paper
2. At the end of paragraph 2, you say you Yes Full of detail about where and why
think this was a sex-linked cross. Is this the reviewer was lost and if the

your hypothesis? What traits do you writer answers the reviewer's

think the parents had? Why do you think questions, the paper will have a

this is the best explanation? clearer statement of the hypothesis, a

consideration of alternative
explanations and logical connection
between hypotheses, data and
conclusions.

3. Your argument makes no sense. Whaartially Asking for evidence is useful, but

is your evidence? reviewer does not indicate which part
of the paper is confusing them or
what exactly they didn’t understand.

4. Your argument depends on weight Yes The reviewer has identified an

being an inherited trait. What evidence assumption made by the writer and

do you have to support this assumption? pointed out how the validity or
invalidity of this assumption could
impact the writer’s conclusion.

5. Which of your hypotheses is best Partially The reviewer is specific in indicating

supported by the data? that the writer did something well
(posed multiple explanations) and
indicates that no clear conclusion
was made but without specifying
how or where they felt the writer's
conclusions were lacking.

Note: See Appendix 2 for full Handout.

Enactment details of peer review in specific cosirse

Students were supported in their development astefe reviewers through
gradual increase in expectations and repeated ergst0 the peer review process.
A transitioning emphasis from the rote procedurfgseer review to the quality of
feedback was employed. The laboratory portiotihefyear-long introductory

biology sequence highlighted peer review as a aksgkill and student learning was
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coordinated across the two courses. The peemwawiecess was begun in our
curriculum in Spring 2002 and has been enactedy@atibrated Peer Reviewvery
semester in the introductory biology courses (BIDIL and 102) since Fall 2003.

First semester Introductory Biology (BIOL 101n the first semester course,
students were first exposed to the procedures argbpe of peer review using a
relatively intellectually unchallenging assignmeuntite an introductory paragraph
for a hypothetical laboratory report on a recentynpleted laboratory experiment
and provide feedback to their peers usingGR&kwebsite. The purpose of this
assignment was to allow students to focus on theharesms and procedures of peer
review without undue worry about the nature anaeixof the writing or feedback
they were providing. Students were also askedaduglly build skills in writing all
aspects of a laboratory report over the courseetémester. Namely, after the
introductory paragraph, they next write just thehods section for a subsequent
laboratory activity, the results section for anmatt after that, etc. The culminating
experiment at the end of the semester wasosophila(fruit fly) genetics
experiment in which students had to determine tbdaeof inheritance of an
unknown phenotypic trait. For this experimentdstuts were asked to write a full
laboratory report and provide peer review feedhaiikg theCPRsystem. In this
course, a minor portion (<5%) of students’ labonagrades were affected by their
ability to successfully complete the peer review give assessments which were
consistent with (within one standard deviation)eotheer assigned to the same
paper. This is the assignment on which peer regiesurred each semester for the
BIOL 101 course.

Second semester Introductory Biology (BIOL 10)each iteration of the
second semester course students were providechiwigducational dataset,
Galapagos FinchefReiser, Smith et al. 2001; Reiser, Tabak et @320derived
from real datasets collected by Rosemary and Bgtart in the early 1970s (see
Grant and Grant 2002). Students are told thaassmmortality event occurred on
the island of Daphne Major and are asked to deteritiie cause and if evolution
occurred in the finch population as a result. tAs & real ecological dataset
collected for other purposes, there are a varietetensible conclusions and
interpretations as well as irrelevant portionge data. Students pose their own
hypotheses, locate, analyze and interpret reledatat and therefore must argue and
justify their data selection decisions and conduasi Written reports are then
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uploaded to th€PRsystem. In this round of peer review, very feviha points
associated the peer review assignment were eagngacbessfully navigating the
software (the exact number of points varied fromester to semester, but were <
1% of each courses’ total), but instead were fodusethe quality of feedback and
writing produced. Indeed, reviewers were now gadadn the quality of the
feedback they provide. Using the “useful/partialseful/ not useful” schema
indicated previously (column 2 of Table 3.2 as veslidetailed in Appendix 2),
instructors randomly chose a single review writtgreach reviewer and grade the
quality of the feedback as a full point, a halfrgar no points respectively.
Providing ten useful pieces of feedback in a simgleaew earned 100% of the (10)
points possible. Instructors were science gradstatents hired as teaching
assistants. Students were allowed to write as mauoes of feedback as they
desired per review to earn the 10 points.

Ecology and Evolution Laboratory (BIOL 301 Lin Spring 2005, peer
review was also incorporated in the BIOL 301 labmmacourses and continued in
subsequent semesters thus providing studentsdadjyrortunity to engage in the
process. Uploading of final papers BafeAssignmeritegan in Fall 2005 in this
class as the University did not ma&afeAssignmeravailable in the Spring 2005
semester. BIOL 301 lecture is a required coursalfanajors. BIOL 301
laboratory is an optional (but popular) laborattmybiology majors. Many transfer
students bring in credit for introductory biologydathus enter into the biology
curriculum at this level. In BIOL 301 Laboratostudents engage in peer review 2-
3 times per semester as there are three experivaset} portions of the laboratory
that result in written laboratory reports. In som&ances, peer review also occurred
in other several upper division courses, but nany systematically reportable way.
Portfolios including an upper division course irdiigdn to the 301 L and
introductory biology courses can be constructecfbandful of students. The intent
is that students should encounter peer review gaehthey are asked to do an
experiment and subsequently write it up, but co@tion among the diverse faculty
members in the department who teach the upperaivtourses has been sporadic.
For the purposes of this study, a sufficient nundfestudents experienced peer
review multiple times (up to 3) for an effect todiecerned. It is expected that
greater effects will be seen in future years aseatgr proportion of students have

three or more experiences with peer review.
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Other courses sampled (BIOL 302 Laboratory anddttigly) did not engage
in peer review during the semesters when dataatmfeoccurred. These samples
were used to include additional students at ldtayes in their academic career who

had participated in one of the three aforementicuedses.

Data sources and instruments

The effect of peer review on students was detertninyethree major data
sources: 1) students’ performance onSkeentific Reasoning TeRT), 2) student
performance in laboratory reports collected fromttiree described courses (BIOL
101, 102 and 301L) and 3) student perceptionseopder review process collected
in an anonymous online Survey. Additionally, twmstruments were developed to
assist with the data collection. Firstly, in ortiecompare student performance in
laboratory reports across multiple courses, a UsaleRubric for Laboratory
Reports was developed and its reliability as a omeasent tool is investigated.
Secondly, a Survey was constructed to measurerggideliefs and perceptions of

the usefulness and value of the peer review expegie
Universal Rubric for Laboratory Reports

Instrument development

Rubric criteria were derived from biology departi®curriculum goals and
therefore intended to be independent of any paaticontent area within biology
(e.g. Trevisan, Davis et al. 1999). The curriculymals and subsequent criteria were
derived through a series of discussions with cgllea on the Departmental
Curriculum Committee. Members of the committee wleeprincipal authors of the
Department’s goals. This researcher encapsultsg discussions and used them
and the written goals to define an initial set bfctiteria. The desired performance
at the high end of the scale was also based oe thissussions. The low end of the
performance scale was based on this researchessina experience with
struggling freshman. The interim performance Isweére developed according to
instructor experience and a desire for an inteyrahsistent and parallel range of
performances. The end result was a four-leveks@aiging frormot addressed
which included behaviors often observed in firshester freshman, througiovice

andintermediateand culminating gproficient Theproficientlevel of performance
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was conceptualized as the level of performanceagddrom a top-ranking
undergraduate or beginning graduate student.

Preliminary testing occurred by incorporating thbric criteria into
assignments given in this researchers’ own coBi€3. 102 laboratory at that
time). This researcher also continued to sharedauiiss the criteria and
performance levels with a wide variety of scieraeulty, graduate students and
educational researchers both within and outsidéngtéution over an 18 month
period. At the end of that period of recursiveiegvand revision, the criteria and
performance levels were piloted on laboratory repfsom courses taught by faculty
other than this researcher. Nineteen biology gradigemching assistants from a
variety of biological sub-fields were asked to gpiple criteria and performance
levels to a variety of actual student papers aogige explicit written feedback on
the relevance and usefulness of each criteriorpanidrmance level in a single sit
down session. Criteria definitions and perforoealevel descriptions were
subsequently revised again. This level of revigisgussion, testing and revision
either meets or exceeds that currently describedtfer published rubrics (Hafner
& Hafner, 2003; Halonen et al., 2003; Trevisanlgtl®99).

Final rubric description

Rubric criteria were structured around the fouraieai components of
professional scientific writing: introduction, metls, results, and discussion. To
assist students, additional explicit criteria wereated to focus on hypothesis
quality, data use and presentation, statisticalpmiency, use and understanding of

primary literature, significance of research anding quality (Table 3.3).
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Table 3.3 Universal Rubric Criteria Codes and Definitions.

Criteria
Introduction

Context

Accuracy

Hypotheses

Testable

Scientific merit
Methods

Controls and
replication

Experimental
design

Results
Data selection

Data
presentation

Statistical
analysis

Discussion

Conclusions
based on data
selected

Alternative
explanations

Limitations of
design

Significance of
research

Primary Literature

Writing Quality

Code

I.C

I:A

H:T

H:S

M:C

M:E

R:S
R:P

R:St

D:C

D:A

D:L

D:S

PL

wQ

Definition

Demonstrates a clear understanding of the toiyige; Why is this
guestion important/ interesting in the field of loigy?

Content knowledge is accurate, relevant and/ides appropriate
background including defining critical terms.

Hypotheses are clearly stated, testable andidenplausible
alternative explanations

Hypotheses have scientific merit.

Appropriate controls (including appropriate lfegtion) are present
and explained.

Experimental design is likely to produce saliand fruitful results
(actually tests the hypotheses posed.)

Data chosen are comprehensive, accurate andne!

Data are summarized in a logical format. Tablgraph types are
appropriate. Data are properly labeled includingsuisraph axes
are appropriately labeled and scaled and captiensBrmative
and complete.

Statistical analysis is appropriate for hypsts tested and appears
correctly performed and interpreted with relevaaltes reported
and explained.

Conclusion is clearly and logically drawn frafata provided. A
logical chain of reasoning from hypothesis to dataonclusions is
clearly and persuasively explained. Conflictinged# present, are
adequately addressed.

Alternative explanations (hypotheses) are adei®d and clearly
eliminated by data in a persuasive discussion.

Limitations of the data and/or experimentalidasand
corresponding implications for data interpretatiwa discussed.

Paper gives a clear indication of the signif@and direction of the
research in the future.

Writer provides a relevantiaeasonably complete discussion of
how this research project relates to others’ warthe field
(scientific context provided) using primary litaued.

Primary literature is defined ageer reviewed, reports original data
(not a review), authors are the people who coltttte data, and a
non-commercial scientific association publishesjthenal.

Grammar, word usage and organization facilitagereader’s
understanding of the paper.

In addition to the criteria, performance levels evdescribed for each

criterion to comprise a rubric. The full final vers of the Universal Rubric for
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Laboratory Reports is attached as Appendix 3. »angle of a single criterion
showing the four performance levels is given inl€&h4.

Table 3.4 Example of a Universal Rubric CriterioRypotheses: Testable and Consider

Alternatives, H:T)and Corresponding Performance Levels.

Criterion Performance Levels

Not addressed Novice Intermediate Proficient
Hypotheses * None indicated. * Asingle « Multiple » A comprehensive
are clearly * The hypothesis is relevant, relevant, suite of testable
stated, testable  stated but too testable testable hypotheses are

and consider
plausible
alternative

explanations .

vague or confused
for its value to be
determined

A clearly stated,
but not testable
hypothesis is
provided.

A clearly stated
and testable, but
trivial hypothesis

is provided.

hypothesis is
clearly stated
The hypothesis
may be
compared with

a “null”
alternative that

is usually just

the absence of
the expected

result.

hypotheses are
clearly stated.
Hypotheses
address more
than one major
potential
mechanism,
explanation or
factors for the

topic.

clearly stated
which, when
tested, will
distinguish

among multiple
major factors or
potential
explanations for
the phenomena at
hand.

Source of student papers
Student papers were selected from three diffeneneusity biology

laboratory courses to represent student performainttee freshman and sophomore

levels. These courses included the first and sksemesters of the introductory

biology course sequence for majors (BIOL 101 ar@) B3 well as from the

laboratory on Ecology and Evolution associated aitequired majors course

(BIOL 301) intended to be taken by sophomores. il8irto the overall major

demographics, course demographics were predomyrfatelle (60-64%) and the

top two dominant ethnic groups were Caucasian (8&)7and black (13-24%)

regardless of course.

The assignment details that generated the studgetp are presented in

Table 3.5.
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Table 3.5. Descriptions of Assignments Used to GenerateeBtudapers for Rubric
Reliability Study

Course i . # papers

(term) Description of assignment selected
BIOL Genetics Determine the Mendelian inheritance pattern of 49
101 an unknown phenotypic trait in fruit flie®fosophila

(Fall 04)

melanogastgrbased on data collected from a live cross.

Evolution Determine whether or not evolution occurred in 45

BIOL  a population of birds as the result of a drougimiagia pre-
(F;I(I)%M) existing multi-year dataseG@lapagos FinchgqReiser,

Tabak et al. 2003).

BIOL Ecology Determine whether shade/sun affects the 48
301  abundance and distribution pattern of dandeliorss in

(Fall 05) fig|g.t

Note This 301 assignment wast peer reviewed in this term. It was the only assignt completed
in the course by the time of the rubric reliabiktyidy. Peer review occurred for subsequent

assignments in this class.

BIOL 101 and 102 papers selected from those writidrall 2004 and BIOL 301
were selected from those written in Fall 2005. nreach of the three classes (BIOL
101, 102 and 301 laboratory), a subset of 45 tpeiers were selected based on the

following criteria:

1) paper and graphs were complete, on topic and wighlagiarism;

2) paper was authored by a biology major who wasestilblled in the
biology program at the time of selection;

3) no more than 5 papers were selected from any daedtory section
(maximum enrollment of 24 students per sections&3ions total
sampled) and

4) within each section at least one paper was seldéaiata student who
earned an “A” in the course and at least one frastudent who earned a
“D.” Efforts were made to select papers represgntine available
spectrum of quality (as determined by course gradthin each

laboratory section.
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Selected papers were then stripped of all authemtitying information,
assigned an anonymous ID code and standardizédrfotype and size, margins,

and line spacing before printing.

Graduate student raters

The papers were scored by two independent grduders. Raters were
drawn from the biology graduate students, mostlod Wwad served as teaching
assistants in the relevant classes and regulaatyegr laboratory reports from those
courses. One group was trained for a formal rlialbest of the rubric and one
group remained untrained to assess the usefulfiéss mubric under more natural
conditions. Graduate teaching assistants are iibiguas laboratory instructors in
Research 1 institutions (Golde 2001) and whiledargsearch institutions comprise
only three percent (3%) of all higher educationitngons in the US, they produce
32% of the nation’s undergraduate degrees (Boyenr@igsion, 1998). Graduate
teaching assistants thus have a significant impacindergraduate education and to
this researcher’s knowledge, no previous measutieef natural grading
consistency has ever been reported.

The two sets of raters were divided among treatraedtnaturalized
conditions to ensure the most similar distributddrexperience possible (Table 3.6).
Both sets of raters received identical sets ofesttithboratory reports, record sheets
for recording scores, a copy of the assignmentwiagtgiven to the undergraduate
students who wrote the papers and verbal instmgtm the purpose of the project
and their role in it as well as monetary compenpsatdr their time and effort.

Trained Raters.Nine raters received five hours of training on hovscore
using the Universal Rubric (henceforth referredddtrained” raters). Trained
raters were provided with a Scoring Guide versibtine rubric (Appendix 4). In the
Scoring Guide, each criterion was followed by exE®pf student work at various
performance levels. Training was facilitated by Robert Johnson, a specialist in
rubric design and assessment (University SouthlidardCollege of Education) and
began with a whole-group discussion of the rukatonal and intent (3 hours).
Raters then broke into their assigned teams andduoehlly scored their three
example papers for that course. Discussion withenteams occurred until

consensus scores were reached for each criteriecim exemplar paper (2 hours).
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Scoring of all papers by trained raters occurretthiwi24 hrs after training
and under supervised conditions. Trained scomrps tkack of the time they spent in
scoring and worked an average of 7.8 hours avaga®jih papers per hour. The
maximum duration of scoring was 8.5 hours and themum was 6.8 h. Scoring

occurred in blocks of several hours with breakstieals and sleep.

Table 3.6. Gender and Experience Levels of Graduate StuRatgrs

Course  Rater Raters’ # semesters of teaching Raters have taught

Type genders  experience per rater this assignment?
101 Trained F,F, M 2,2,5 Y,Y, Y
101 Natural F, FF 1,2, 4 Y,Y, Y
102 Trained F,.F F 3,3, 11 Y,Y,N
102 Natural F,FF 1,4,4 Y,Y,Y
301 Trained F,F, M 3,7, 7 Y,N,Y
301 Natural M, M 3,7 Y,Y

Note.Codes are as follows: (F) female, (M) male, (Y3,y@) no. Data are portrayed respectively.
Namely, for “101/Trained,” the first and seconderatwere both females (F,F), with 2 semesters of
teaching experience (2,2) and had taughtCitesophilaassignment in BIOL 101 before (Y,Y) while
the third rater was male with 5 semesters of temcbkperience who had also taught this particular
assignment in the past (M,5,Y). The average nurobgsemesters of teaching experience for trained
raters was 4.8 8.0 and for natural raters was 3.4..9.

Natural Raters.Eight additional graduate students were hired sess
grading consistency of teaching assistants in @aralatondition and hereafter will be
referred to amatural raters. At the time that the rubric reliabilitydy was
conducted, upper division teaching assistants ofteeived no pedagogical support
for student written assignments. Graduate teacissgstants in the 300 level
laboratories had occasional verbal instructionsiftbe supervising faculty member
regarding assignment details, but rarely receimsttuctional materials (e.g. no
criteria, rubrics, etc.). Introductory biology druate students were provided with
assignments and criteria and met regularly witlhiltgon pedagogical issues. Thus,
to provide a standardized, but natural level ofpsuify the comparison group of

raters received a ten-minute verbal explanatiah@fassignment and a single page
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list of criteria. Specifically, for the purposefstbis study, the natural raters were
provided with the same list of criteria as are fdwn the rubric, but without the
performance level descriptions or examples of studerk (Appendix 5). The

same point scale was used (maximum 3 points periom) by the natural raters as
the trained raters. Natural raters scored papanstbhe course of week, on their own
time, in locations of their choosing so as to namsturately match normal grading

conditions.

Data analysis

Rubric reliability data were analysed using geneadility (g) analysis
(Crick and Brennan 1984) which determines the portif the variation in scores
which is attributable to actual differences in thality of the papers rather than
variation attributable to less relevant sourcefaagcvariation among raters, or
assignments or variation due to interaction amatpfs such as student-assignment
or rater-assignment (Shavelson and Webb 1991) eXxample, a generalizability
score of 1.0 therefore means that all the variatisgtores between papers was due
to differences in quality among the papers andrbatrror was introduced (all raters
were perfectly consistent regardless of studestgamsent, etc.). In contrast, a
generalizability score of 0.0 means that none efriation in scores among papers
was attributable to actual differences in qualitg #éhat all the variation in scores

was entirely due to other sources of variation aghater inconsistency instead.

Test of Scientific Reasoning

The instrument selected for quantitative measungsnaf students’ scientific
reasoning ability was the 2000 version of 8aentific Reasoning Test (SRT)
(Lawson, 1978; Lawson, Alkhoury, Benford, ClarkRalconer, 2000) (attached
here as Appendix 6) because it had been previvadilyated as a reliable instrument
in a similar context (university freshman), andaes not suppose any previous
knowledge of biology, thereby avoiding a sourcéiat when administered to
biology majors at different stages in the curricaluln fact, most of the questions
addressed students’ reasoning ability and knowledgperimental design
principles using physical rather than biologicahtexts. The 2000 version of the

instrument has 24 multiple choice questions desigme two-tiered fashion so that
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the second question in each pair asks studentiendify the rationale behind their
selection for the first question in the pair. Th8onale choices used in the second
tier questions are based on previously identiftadent misconceptions (Lawson et
al., 2000). Eight of 12 pairs of questions usgspdal science concepts such as
density, conservation of mass, pendulum swingingas the context for questions.
Types of reasoning required of students are thassotiated with hypothesis testing
(i.e., the identification and control of variablesyrelational reasoning, probabilistic
reasoning, proportional reasoning, and combindtoeasoning).” (Lawson et al.,
2000, p. 1001). In particular, four questions stsidents to identify what results
would falsify a hypothesis which is a primary compot of scientific reasoning in
our view. One of the few test items that does leab@logical context is illustrated

in Figure 3.1.

Administration

The Scientific Reasoning Testas administered to a cross-sectional cohort of
students in the Fall of 2005 who were enrollechimfive classes mentioned above
(BIOL 101, 102, 301L, 302L, 530; total enrolimen®42). Data from non-biology
majors were winnowed out as the biology majorslaegpopulation of interest for
this study. Further details on sample reductiarisiten are provided in the results
section. Non-majors comprise more than half (58%ihe students in the
introductory level and less than 10% of the stusl@nthe upper division courses.
The test was administered in the laboratory pordib@ach class within three weeks
of the beginning of the semester. The purposeuaaf the data were explained to
the students and an information sheet with contéotmation for the researcher was
provided to the students. Completing the testwadisntary and there was no impact
on the students’ course grade as a result of sieeie on the test. In addition to the
previously publishe&cientific Reasoning Testudents were asked to self report on
the number of peer review experiences they haverhpdst courses, as well as their
gender, ethnicity and prior biology backgroundr stmdents who were enrolled in
BIOL 102 or higher, they were also asked where thek introductory biology
(within our program or elsewhere) and if they rerbened engaging in peer review

as part of the course.
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11.  Twenty fruit flies are placed in each of four glass tubes. The tubes are sealed.
Tubes | and Il are partially covered with black paper; Tubes lll and IV are not
covered. The tubes are placed as shown. Then they are exposed to red light for
five minutes. The number of flies in the uncovered part of each tube is shown in

the drawing.

RED LIGHT
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This expenment shows that flies respond fo (respond means move to or away

a. red light but not gravity
b. gravity but not red light

C both red light and gravity

d neither red light nor gravity

12. because

a. most flies are in the upper end of Tube Il but spread about evenly in
Tube II.

b. most flies did not go to the bottom of Tubes | and Il

C. the flies need light to see and must fly against grawvity.

d. the majorty of flies are in the upper ends and in the lighted ends of the
tubes.

e. some flies are in both ends of each tube.

Figure 3.1 Example of a tiered pair of questions from ugentific Reasoning Test
(Lawson et al., 2000) with a biological contexlorrect answers are 11 (B) and 12 (A).

Data analysis

It is expected thabcientific Reasoning Testores should increase with
academic maturity; as a student progresses frashrfian to senior year, their
scientific reasoning score would be expected toesme simply as a result of their
overall course work and greater academic experiembe effect of peer review on
students’ Scientific Reasoning Score was thereforepared to the effect seen
merely from increasing academic experience as meady credit hours.
Additionally, as many of the biology majors transfeafter freshman year (where

the major of the peer review experiences occuumcarriculum currently), there
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could be a greater effect of academic maturity dasewhere students earned the
credit hours currently on their record. Studengseicategorised into standard class
years by credit hours earned (0-30 credit hourgshiman, 31-60 credit hours =
sophomore, 61-90 credit hours = junior, 91-120 ittealurs = senior, greater than
120 credit hours = fifth year). USC credit hounsl @redit earned elsewhere were
tracked separately. ANOVA tests were used toftestignificant differences among
credit hours earned, type of credit hours (USGresisfer credit) number of peer

review experiences argRTscore.

Survey of student perceptions regarding peerergvi

Overview

A Survey on students’ perceptions of the procégger review, its role in
the classroom as a learning tool and its functiothe scientific community was
developed and administered in the introductorydgglcourse during the 2006-2007
academic year. The instrument was tifldetPeer Review Survegnd hereafter will
be referred to as the Survey. Each administratemurred at the end of the semester
following the peer review process. The Survey $adlion three major issues: 1)
students’ understanding of the purpose of peeevewithin and outside the
classroom, 2) students’ understanding of the mackatf peer review, their
understanding of function of each of the steps@gdrocess, and their opinion of the
quality of instructional support provided to hefyein engage in the peer review
process, and 3) the perceived impact of peer regietheir writing and critical
thinking within and beyond the course. The Sumeag developed with review and
input from both the faculty responsible for theadluctory course as well as from

the Office of Program Evaluation, USC College ofiEation.

Fall 2006 Survey structure

The first semester, the Survey consisted of 2@stants to which students
were asked to respond using a Likert scale withlGes ranging from ‘strongly
disagree’ to ‘strongly agree.” An even number ibfelt choices was intentional to
force students to indicate a negative or posi@aetion. Six questions focused on
the purpose of peer review; ten focused on the arech of the peer review process
and the effectiveness of the instructional suppsdsen inquired about the impact
of peer review on students’ writing and criticaht#ting skills. Three open-ended
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guestions then followed with a fourth option fodamnal comments (See Student
version Fall 2006, Appendy. The open-ended questions were as follows:

» Please describe why you think we asked you to esserpview in this class.

* Please describe how you think practicing scientises peer review in their

work.

* What changes would you recommend to improve p&&wen this class?
Student open-ended responses were collected aiesvesl/recursively until regular
themes emerged which were defined into categofiessponses. Responses were
then categorised with more detailed sub-themedifahas appropriate. Once the
coding scheme appeared stable because all resddnsasan existing category and
sub-theme, the number of responses in each categ&yabulated (Anderson
2002).

Fall 2006 Administration
The Survey was made available to the 562 studéhtsrsolled in the BIOL

101 course by the end of the Fall 2006 semestergidber) and 444 students
responded (response rate of 79%). The Survey vade @vailable by use of an
online Survey tool$urvey Monk@yand student responses were anonymous.
Students were encouraged to participate by usesioigde bonus point for
completing the Survey (<1% of overall laboratorgdg) and bonus points were
awarded when students emailed to their instructseeret code” that was revealed
to them at the end of the Survey. This online/&utool and same reward system

were used in Spring 2007 (see Table 3.7 for sangies and details).

Revision and expansion of Survey and Spring 20@¥raskration

After the Fall 2006 semester, student responstgetthree open-ended
gueries described above were reviewed and categrizor the Spring 2007
administration, “select the top 3 reasons” itenpdaeed these open-ended questions.
In the “select the top 3 reasons” format, eachadhthat could be selected was
derived from one of the categories of responsediretrged from the Fall 2006 data
collection. Students were asked to choose theithigge responses from the resulting
list. The refined student version (See Student Regiew Survey Spring 2007 in
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Appendix®) was re-administered in the Spring of 2007 tosttslin both BIOL 101
and BIOL 102 (n = 638).

For the Spring 2007 administration, it was alsoeexed that most of the
students in BIOL 102 would have already particigatepeer review because they
were enrolled in BIOL 101 the previous semestetyngonew items were added.
Students were asked if the peer review processljvamre or less difficult and 2)
more or less useful the second time. In addifiom; more demographic

triangulation questions were posed to studentisarSpring 2007 administration:

» Are you a biology major?

» Did you participate in peer review in BIOL 101 a0 last fall (2006)?
* Did you fill out a similar Survey in Fall 2006?

* Including the current semester, how many semebktars you used peer

review for biology classes?

The revised Survey was then made available tol@lLB01 and 102
students enrolled as of April 2007. An “Additiorf@mments” open-text box was
also part of the Spring version of the Survey isecstudents wished to add any

additional information or insight.

Table 3.7 Sample Sizes and Response Rates for StudernRed@ewv Surveys.

#students Responserate #with 2" PR % biology

Term Course enrolled # % experience majors
Fall 2006 101 562 444 79% n/a Not asked
Spr 2007 101 230 206 90% 15 (7%)* 42%
Spr 2007 102 408 376 92% 312 (84%) 38%
Totals/Average 1200 1026  85.5%

Note. Survey administrations occurred at the end ofisatnester. PR = Peer Review. The students
in BIOL 101, Spring 2007 who are reporting thid®their 2% peer review experience are
presumably students who failed to pass BIOL 10Haith2006. Sample sizes for each item on the
Survey vary slightly as not all students answetkduestions, but variation is less than 2% of the
total relevant number of respondents (e.g. for BKDR, individual item sample sizes ranged from
369 to 372.)
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Ethics compliance

This work was conducted in accordance with thegipies and philosophies
of the Australian Code for the Responsible Condfi®esearch and the policies and
procedures of Curtin University of Technology intpaular. All possible care was
taken to maintain the highest possible standar@sademic integrity and honesty as
well as to respect the welfare, rights and privaicgll people involved in the
research. Specific ethics review and complianae\vaéso conducted by the
institution responsible for the students who cosgaithe study population.

An Institutional Review Board (IRB) application fépproval of Human
Subjects Research at the University of South Qaollas made in 2003 and this
work received a designation of “Exempt.” Therefowritten consent by subjects
was not required. This work was deemed exempusecthe “research [was]
conducted in established or commonly accepted ¢idned settings, involving
normal educational practices, such as: (i) reseanategular and special education
instructional strategies, or (ii) research on ttieativeness of or the comparison
among instructional techniques, curricula, or ¢lags management methods [or
was] research involving the use of educationast@signitive, diagnostic, aptitude,
achievement), survey procedures, interview prociar observation of public

behavior.” (USC Office of Research Complianietp://www.orc.research.sc.eglu/

This designation satisfies federal (US) regulatiang National Science Foundation
requirements for protecting human subjects.

The data generated by this investigation were basettifacts from
assignments that are part of the normal biologgratory curricula. Artifacts
included draft and final versions of student assignts and the corresponding peer
reviews as well as results of the multiple choigerstific reasoning test and
anonymous survey results. The peer review progassconducted using a software
program that guaranteed anonymity from the studqugtspective, but allowed the
instructor to track and identify authors. The chjee tests were administered using
scantron sheets. All student assignments andeidifire handled with the level of
privacy and confidentiality required by the Farmidgucational Rights and Privacy
Act (FERPA) of 1974fttp://reqistrar.sc.edu/htmli/ferpa/ferpal.ktéll data were

reported in aggregate forms to ensure anonymity.déta were generated which
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would required the use of a pseudonym or conseall gsiotes included were
collected anonymously.

As an additional demonstration of respect for sttslénterest and welfare,
students were informed by means of the courselsydlaas a direct handout, that
their regular course work, or any voluntary measwfeachievement (e.g. the
Scientific Reasoning Teshight be collected and used in an aggregatedherwise
anonymous manner for the purpose of evaluatingfieetiveness of teaching
methods and curriculum (including peer review)udents were given contact
information for this researcher as well as coniafcrmation for the Office of
Research Compliance and encouraged to contact dithey had concerns or
guestions. Laboratory reports®cientific Reasoning Test (SRmgasures of
student performance were either natural comporadritee coursework regularly
assigned for the class, or voluntary (participaboperformance had no
consequences or impact on the student’s gradesindtirse). Specifically, cross-
sectionalScientific Reasoning Tedata were collected in two ways. In Introductory
Biology, theScientific Reasoning Tewis incorporated as a minor component of the
regular course grade (<1% of the total points) utide heading of participation. In
the 300 and 500 level classes, 8®Twas taken by students on a voluntary basis.
Verbal and written information was provided to gntlvolunteers describing the
intended usage of the information, that particgratr lack of participation would
not affect their grade in any way and contact imfation should they have any
guestions or concerns later. All students optquhtticipate. In the case of the
Surveys of student perception of the process af @ew, participation was
encouraged by the use of a single bonus point ¢&@bcourse grade). Response
rates for the Survey administrations are repomedhapter 4, but in general ranged
from 80-90%.

Thus, all data sources were either a collectioprefexisting information
(e.g. laboratory reports) re-analyzed outside efdbntext of the course or had zero

to negligible influence on a student’s grade in¢barse.

Limitations of the study

As with all research, conclusions were limited bhg types and nature of the
data collected. Scientific reasoning encompas$eead category of skills and
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abilities that can be demonstrated in a varietways. Students’ written laboratory
reports, while a rich source of data, inherentlgsrsome aspects of reasoning which
would be more clearly seen in students’ small grdispussions, by direct
guestioning or observation of students in the latmwy directly. In particular, using
only written data sources selects for students avkaable to articulate their
scientific reasoning onto paper. There likely sttedlents within this sample who
have scientific reasoning skills and gains thatevest evident because those
students had more difficulty expressing themseiwesgriting than verbally or by
action and decision. Nonetheless, communicatistientific ability and

discoveries via written reports is ubiquitous amgtienary means by which scientists
share their findings making student written labonatreports not only an appropriate
data source, but also an effective pedagogical tool

Use of multiple-choice tests suffers from similanfounding factors in that
students may have strong reasoning abilities, bat fest taking abilities.
Consequently, the results of tBeientific Reasoning Teate used only to assess
broad-scale patterns without speaking to the gwfitany individual or small
subgroup of students.

Lastly, survey data must always be treated asalfi@eport data that they
are. Namely, such perceptional data are only usdfan it is perceptions that are
informative and of interest. Namely, students peme that peer review improves
their reasoning skills, but that perception hdakelivearing on their actual
achievement which must be measured separatelye, Heidents’ perceptions of the
pedagogical rationale and outcomes of peer revieve wf interest and so the use of

a survey tool was appropriate.

Summary

The effect of an instructional strategy on studeatning is always multi-
faceted and complex as human being are dynamitucesaaffected by internal
factors (motivation, affect, self-efficacy, intetestc.) as well as external factors
(classroom environment, peer interactions, etg/pbeé the direct instruction. Thus,
the effects of instructional strategies must besuezd within the context of interest;
achievement of absolute skills, performance ondstedized measures, normative

performance relative to others etc. It is witlstherspective that the effect of peer
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review on scientific reasoning was selected. Cduo#dly appropriate data sources
(written laboratory reports, rubrics focused ontte@n demonstration of scientific
skills) were chosen or developed and a continuoass on real-world scientific
skills and perceptions of how the classroom relatesientific community were

maintained.
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CHAPTER 4
RESULTS FROM ACHIEVEMENT DATA

Overview

Conclusions about the effectiveness of peer reamadrawn from three major
data sources: student science writing in the foffalmratory reports, scores on a
multiple choiceScientific Reasoning Teahd student responses to an online Survey.
The relationships among these three data sourckthamesearch questions are
illustrated in Figure 1.2. Results of studiesstudent achievement in scientific
reasoning using laboratory reports andSoentific Reasoning Teate reported
here. Undergraduate perceptions of peer reviewrasented in Chapter 5. Use of
both in-depth, proximal data sources such as wrl&boratory reports and amore
distal measures of student performance such aSdieatific Reasoning Test,
allowed for triangulation of results and providesajer confidence in the
conclusions.

Before investigating student performance, howes@me basic assumptions
concerning the instructional innovation of peerigavare investigated. Students’
ability to produce useful feedback and whetherairwriters can effectively
implement that feedback to improve their papersvimvestigated in a small-scale
study (Study 1). Once it was determined that @lierleast experienced students
could productively engage in peer review, the e¢ftégpeer review on students’
scientific reasoning abilities was then investigatkaboratory reports provide an in-
depth look at student scientific reasoning ability format similar to that used by
practicing scientists and thereby constitute ahenttc performance assessment
likely to elicit relevant scientific reasoning dkibf interest (National Research
Council Committee on the Foundations of Assessr2edl)

The decision to use laboratory reports from a #aé courses necessitated
the development of a common metric that could meastwdent achievement of
scientific reasoning skills regardless of coursetent or level. Thus, the Universal
Rubric for Laboratory Reports was conceived ancetbped. Before the Universal
Rubric could be used to measure student achievelnosvever, its reliability as a

measurement instrument needed to be demonstratedl/(®). The Universal
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Rubric was tested using laboratory reports froradlgeparate classes in order to
demonstrate its applicability across a varietyiofdgical content areas. It should be
noted that these cross-sectional data on studeortatory reports from BIOL 101,
102 and 301 laboratories served an additional merpeyond testing the
psychometric reliability of the Rubric. The avesdgscores produced during that
reliability testing were used to evaluate studemdrgific writing and reasoning in a
cross section of student enrolled in separate gyobmurses. As the BIOL 101 and
102 papers underwent peer review, while the 30&nsaqlid not, this cross-sectional
sample also provides a comparison of the performahgounger, less experienced
students using peer review, against that of old&enexperienced students who did
not participate in peer review (Study 4). Growtlscientific reasoning in the same
students over time was also investigated usingitodigal portfolios of student
work from multiple classes over various semest8tsdy 5). These two in-depth
views of student achievement of scientific reasgrskills were further supported by
the more objective multiple-choi&cientific Reasoning Test.

The Scientific Reasoning Teista conservative instrument for this study as it
tests reasoning ability in contexts outside of ancklated to the biology courses in
which students are learning. Thus, if across heshglpf students from a range of
biology courses it detects a relationship betwegmrovement in scientific reasoning
scores and the number of peer review experiencehich a student has
participated, the effect of peer review must baeahotable (Studies 3 and 7).

Additionally, as the primary source of raters foe Rubric’s reliability testing
were biology graduate teaching assistants and tigdearch on the consistency or
grading habits of graduate teaching assistantbéas published in the past, this
portion of the study afforded a unique opportuniReliability and stringency of
scores generated by graduate teaching assistahte@mpact of training on those
scores is also reported and discussed (Study @duate teaching assistant
perceptions of the Universal Rubric utility arecateported to provide insight on
how the Rubric might facilitate science graduatelsht teaching (Study 8).

Student perceptions of the effectiveness of pageweas a learning strategy
are also investigated. Specifically, student patioas of the role of peer review in
the classroom (Study 9) and the scientific comnyu{8tudy 10) were investigated.
As motivation and self-efficacy affect performarasewell, student perceptions
provide additional insight into successes and ooirtg challenges of peer review.
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Student comments also indicate whether studentsatty perceive the instructor’s
motivation and intent for incorporating peer revigno the curriculum. Do students
perceive peer review as a useful skill for pranticscientists? Do they believe peer
review improves their critical thinking skills dneir scientific writing? Overall,
these combined measures illuminate the impact @f view on student
achievement and the rate at which their sciemt#fasoning skills develop as well as

their understanding of how peer review fits inte #tientific community at large.

Study 1:
Consistency and effectiveness of undergraduate pegrewers

Peer review capabilities of freshman and first sserdransfer students were
determined with a multiple data sources from ompeasentative semester of
introductory biology (BIOL 102, Fall 2004: n = 38@dents). The assumption was
made that if these introductory biology studentseneapable of peer review,
students in subsequent courses would also be eapahk class sampled to answer
this question had similar demographics to the lgiplmajor as a whole (64% female
and 55% Caucasian, 24% African-American) and wé&s iéshman and 21%
sophomores (transfer students or change of majdests). As is typical for
introductory biology, only 49% of enrolled studentsre biology majors (35% were
related health sciences majors for whom introdydbdmlogy is a required
sequence). Data sources used were reviewersgsatinpeer papers, reviewers’
comments, tracking changes in student writing fovaft to final versions of the

paper and student self-report data for time on. task

Characteristics of undergraduate peer review

Overall, introductory biology peer reviewers wérand to be consistent and
effective. Ninety-six percent (96%) of studentsha class successfully completed
the peer review process (n = 307). Given the detaiature of several of the data
sources, sub-samples were used for some analybesaverage numerical rating
given to peers for their draft papers was 5.7 (snade from 1 to 10) with a standard
deviation across writers of 1.5. As most papeneweviewed by three peers
(average number of reviews per paper = 2.75), comgpéhe text ratings among the

reviewers of a paper was a reasonable means oLimegshe consistency of these
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novice raters. The average standard deviation gmmnewers looking at the same
work was 1.6 on a scale of 10 (n = 335 reviewsl&f fapers). Especially given
students’ inability to more finely differentiatesses (only integers values are
allowed by theCPRwebsite), a 16% variation among reviewers was &as
reasonable. By way of comparison, graduate studéaits of similar papers had
average standard deviations of 2.0 (trained raterS)0 points (natural raters) on a
45 point scale with average paper scores of 112D respectively. As the average
standard deviation of scores produced by graduatkeists who determine grades in
the course was 11% of their average total scor@9 é#b), it seems acceptable for
peer reviewers to have a comparable range of vbtyald6%). Further, another
study of peer reviewer consistency using three pmaewers produced alpha
Cronbach reliability scores of = 0.55 (Cho, Schunn, & Wilson, 2006).
Introductory biology students were therefore deeswdticiently consistent as peer
reviewers and therefore, by extension, more advhhim#ogy majors are also
assumed to be consistent reviewers.

Introductory biology students took on average 32.44.3 minutes per
review (n=182 reviews) including the time requitedead the paper (average paper
length = 1,265 #48 words, n = 66 papers). Peer review thus dichppear to place
an undue burden on students. Ninety-five per(@fo) of the writers who
participated in the peer review process also viethed results as indicated by the
CPRwebsite login data. Thus, on a broad scale, gndduates appeared to
competently navigate the peer review process agywlere reasonably consistent in

their estimations of the overall quality of a psexork.

Incorporating feedback is a distinct process froeempreview

Using a smaller sub-sample of papers from thissmuan in-depth look at
how the quality and nature of peer feedback wasenbgdndependent rating (not
using the grades assigned by the graduate teaabsigfants in the course). Both
draft and final papers were scored using the @ifovided to the students. The
individual pieces of feedback provided by the reses were also evaluated.
Feedback was coded as to topic and nature, ardfdfteand final versions of the
paper correlated with the feedback to determinelwpieces of feedback appeared

to have been used to revise the paper. The avezagsver gave 3.7 2.6 (out of

84



10 possible) useful pieces of feedback per reviéive average writer therefore
received an average of 10.46:0 useful pieces of feedback across all three
reviewers.

Receiving and implementing the feedback seem taovbalistinct processes
however. While 95% of students in the class apmuzketry have logged in and viewed
their results (n = 308 students), but only 5316 of the feedback received by
students in the intensive sub-sample was incorpdran average. Given this
notable variation in the use of the feedback withrninimum use being 0% (2
students) and the maximum being 100% (1 studertralation between use and

gain in points from draft to final version of thager was plotted (Figure 4.1).
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Figure 4.1. Effect of using peer feedback on the quality ofistus’ final papers.
Sample from BIOL 102, Fall 2004 (n=22 unique studgnGain in score is the difference between
the score achieved by the draft and final versafrthe paper for each student. Number of feedback
items used by each writer was determined by cdimglall pieces of feedback received by a writer
with changes evident in the final paper comparetti¢adraft. By definition, only feedback items
deemed useful (see Chapter 3 Methods) were ugbisianalysis as vague feedback did not generate

changes that could be definitively traced back paicular feedback item.

On average, for every three pieces of useful feddlvorporated, a writer
saw a two point (4%) increase in his/her gradeherfinal paper. This graph was
shown to all subsequent classes to encourage thesetthe feedback as an
effective means of improving their papers. Theriogépt on the regression line was
not set at 0,0 as a writer could have presumablyennavisions to the paper and
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improved it without incorporating any peer feedhde&ers therefore appear to also
be effective at providing useful feedback, botldelned for the purposes of this

study and in terms of final grade outcome.

Improving the usefulness of peer feedback

This result supports previous findings that undadgates perceive the
helpfulness of peer feedback as similar to thefbkipss of instructor feedback
(2006). Cho, Schunn and Charney (2006) also fabadundergraduates were the
largest source of praise-based feedback whileuatsirs provided the bulk of the
directive feedback (defined as makes specific ssigges for change). These authors
therefore recommended that undergraduates be egmumlito be more directive in
their reviews.

The handout and instruction provided to studengsaasof this study were
developed prior to the publication of Cho and cujliees’ work, but nevertheless
were well-aligned with their recommendations. $tg were instructed to focus on
making their feedback as specific and concretenasiple with the ultimate
determinant of feedback quality being whether th@ments were sufficient to
plausibly generate meaningful change in the writeaper (see Chapter 3 for more
detail). To encourage students to take these ne@dations seriously, reviewers
were graded by graduate teaching assistants ayqueday of the feedback they gave
(1 pt for each piece of useful feedback up to aimam of 10 pts). The criterion of
usefuldefined here is equivalent to Cho, Schunn and ii&yas (2006) category of
directive.

Cho, Schunn and Charney (2006) reported that appetgly 20-60% of the
comments made by undergraduates were directivendegeon which sample and
rubric criterion were considered. Far more direcfeedback was provided in the
area ofprose flow(~40-60% of feedback) and far less &mgument quality{~45%)
or insight(~20%). Similarly, when the quality of undergratks’ feedback was
reviewed by an independent rater as part of thidystapproximately 37% 26% of
the feedback was coded as useful. In contrastuiter feedback was 80% directive
for prose flow, 90% directive for argument and 50%&ctive for insight. So there
appears to be room for improvement in undergradiestgback, though this level of
usefulness appears to be normal for undergradwgielggions. No comparable

information is available for professional peer eavi Even if professional referees
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written comments were collected (e.g. Marsh and B#81), information on their
topology or quality was not reported.

Cho, Schunn and Charney do not provide details kiemas to what supports
were provided for undergraduates in writing thegdback, nor the undergraduates’
experience level with peer review. Their onlinempeeview system does allow
writers to score the usefulness of the feedback tbeeive which would provide
some motivation to reviewers similar to being ghg a graduate teaching
assistant. One of their undergraduate samplesearaposed of juniors and seniors
(who produced the largest frequency of directivedfack) and the other was not
specified. These students were predominantly fnesh Presumably, the value of
student feedback would be lesser without these@tgpSo at a minimum, students
should be motivated to provide useful feedbackdiges sort of accountability
system as well as being provided with rubric-bap@idance and examples of what
constitutes useful and productive feedback.

Changes in science writing as a result of peeraavi

Even if the proportion of useful feedback can bprioved, peer feedback
does still cause notable improvement in the qualitytudent writing and thinking.
The student papers sampled here were generatedtas p BIOL 102 unit on
evolution using data from populations of Galapagioehes (same assignment as
described in Table 3.5). Analysis of the changaderfrom the draft to the final
versions of the paper and correlation with the iee# received by each writer
indicated the location of the gain in points (Ta#lg). Overall, an average gain of
15% was seen for each criterion. Four major anéageakness (defined as students
earned < 50% of the possible points) were seenertaft papers: 1) the
comprehensiveness of the data used by the stu@emtfutation of alternative
explanations, 3) explanation of evolutionary mec$rais and 4) future directions
and significance of the research (Table 4.1, itemlics). While all the areas of
weakness improved as a result of peer review, thatgst gains occurred in
“Refutation of alternative explanations” (34% ingse) and “Explanations of
evolutionary mechanisms” (36% increase).

Thus, it appears that some weaknesses in studmmsice skills were more
easily identified by peers. Additionally, peeriewvers’ feedback caused greater
improvement in those areas than others. Thusrdbidt suggests there may be a
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developmental trajectory wherein some scientifasmning skills (such as the ability
to refute alternatives) develop before others.stislents all worked on the same
research project, peers likely felt comfortablegasgiing alternative explanations and

identifying when writers had effectively dealt witiose alternatives.

Table 4.1.Student Performance on Draft and Final Lab Repartd Changes Made

as a Result of Peer Feedback.

Assignment Criteria % possible points earned

Draft Final Gain

Introduction/Background
* Relevant Context 64 72 9
* Content knowledge is accurate and relevant

Hypothesis(ses) are
» Testable and relevant 64 79 15
* Include multiple plausible alternative
explanations

Methods: clear, concise description of data

collection and analysis. 68 76 8
Results
» Data presented in a logical, clear format 74 77 2
. II_)ata are relevant to questi(_)n and clearly 70 82 13
tied back to hypotheses being tested
» Data are complete and comprehensive 16 27 11
Discussion
* Clear, logical and persuasive discussion of 14
) 64 78
why data support one hypothesis over the
others
* Clear refutation of alternative 38 71 34
explanations
Explanation of evolutionary mechanisms 19 54 36
Future directions, implications 16 26 10
Writing quality
» Clear, concise, direct and persuasive. 72 83 11
Total 53 68 15

Note. Sample size is 22 students who each wrote a alndffinal version of their lab report.

Students had more difficulty determining whethenotall relevant
alternatives had been considered in that theriniteof data are complete and

comprehensivstill showed room for improvement. This is notmising as
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identifying when data are incomplete can be moifecdit if many students are
missing the same data type. Students who makéasierrors are less likely to
identify the error when reviewing other studentskv@chwarz, Neuman, &
Biezuner, 2000). Further, the content knowledgeessary to explain evolutionary
mechanisms clearly improved from draft to finahasdl. Discussing the future
implications of a research project also appeardzkta challenging area for students

at this level.

Summary of results from Study 1: The effectivemed<onsistency of peer
reviewers

Introductory biology students are capable of engggi peer review and the
process is a reasonable time commitment for anduottory level course
assignment. Introductory biology peer reviewerns geoduce a reasonable number
of useful feedback items per review (similar to gineportion reported by Cho,
Schunn et al. 2006), though there is distinct rdommprovement. Peer feedback
was deemed useful both when reviewed by an indegrg¢mdter and because it
produced increases in student scores when writersse to incorporate the
feedback into their revisions. Four areas of weakrwere found in student papers
in an introductory biology course. Two of thoseas improved as a result of peer
feedback: students’ consideration of alternatiyel@axations and their explanations
of evolution. Thus, introductory biology studentsre effective peer reviewers who
stimulated both reasoning and content knowledgesgailt is further plausible that

student capabilities will improve with experience.

Study 2:

Reliability of the Universal Rubric for LaboratorjrReports

Once it was determined that introductory biologydsint can engage
productively in peer review, subsequent researdstipns required a common
metric for measuring student performance acrossipheicourses (either
longitudinal or cross-sectional). The UniversabRa for Laboratory Reports
(hereafter “the Rubric”) was developed to servéheésscommon yardstick for
assessing student performance. Prior to widespnggl@émentation or application
however, the Rubric underwent psychometric evabuatin test its reliability as a

measurement tool.
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Reliability of the Rubric was measured at severatls and in two different
contexts. The reliability of each individual critsn was calculated as well as the
reliability of the overall total score assignecdetich paper. To ensure universality of
the Rubric, the reliability evaluation was repleatoth within a course (n = 45 to
49 unique student papers per course) and acrass different biology courses. In
addition, the entire experimental design was imjgleted with trained raters and
then replicated again (using the same papers) gsadpate teaching assistants in
natural grading conditions to allow extrapolatidrite reliability results to more
real-world contexts.

Generalizability analysis was used to assess ikyablt differentiates the
portion of the variation in scores which is atttéthie to actual differences in the
guality of the papers (reported gsfrom the variation attributable to less relevant
sources such as variation among raters, or assigsroevariation due to interaction
among those factors such as student-assignmeatasrassignment interactions
(Shavelson and Webb 1991). All reliability scoreported here were
generalizability scores. In general, only religbiscores generated from
comparisons among three raters are reported itethes they were generated from
experimental data. Single rater reliabilities oade the equivalent confidence one
would place in a score generated by a single (atgr an instructor grading a paper)
but are function of three rater reliabilities ahérefore have a predictable

relationship (see Figure 4.2).
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Figure 4.2. Relationship between average three-rater reltgtahd single-rater reliability
scores using data derived from this study (n =gdajZers).

All results reported for rubric reliability refeo scores generated by three trained
raters only unless otherwise specified. Data enréability of the rubric under

natural grading conditions occurs in a separatemnieg section.

Reliability of individual criteria
Not surprisingly, reliability as measured by gexieability analysis varied

by criterion (Table 4.2) but with a few exceptiongst criteria were reliable in a
variety of contexts. The minimum three-rater ttality (g) across all three datasets
was 0.20 and the maximum was 0.94 with an averggbility of 0.65 (this result
excluded the criteria of Methods: Controls fortallee datasets and Results:
Statistical Analysis for BIOL 102 and Methods: Expeental Design for BIOL 101
as these criteria are discussed separately). Refable 3.3 for full descriptions of
criteria. Considering just the maximum reliabdgiachieved, the range of reliability
values as measured by generalizability analysisOa@® to 0.94 across all criteria
(Table 4.2). These results indicate that eackraoi is reliable in at least a subset of
situations.

Other studies have reported individual criterioratelities as low ag =
0.151 for four raters (Baker, Abedi et al. 1995}Isese individual criterion measures
are quite encouraging in many cases. Baker. €1995) only report maximum
criterion reliabilities ofg =0.722 with four raters (and an average reliabdityg
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=0.53 over six criteria). It should also be noteat taxcluding the criteria mentioned
above, when criterion reliabilities are averagedranultiple courses, the minimum
reliability for any single criterion is 0.49 andetmaximum is 0.79 (Table 4.2).
Therefore, the reliabilities for these individuaiteria are on par with others
published in the literature are acceptable foringhis and similar contexts (see also
Table 4.3 for published reliability values of tosalores). Further, graduate student
peer reviews in a course simulating publicatiosaholarly journals found a similar
pattern to that shown here; individual criteria lo@te low reliabilities ( = 0.26 to
0.47 for two raters), but that the overall scord hanuch higher reliabilityr (= 0.55)
(Haaga 1993). This pattern of overall or totalreschaving equal or higher
reliabilities than criterion scores was also foumdther studies (Klein, Stecher et al.
1998) and professional peer review of journal si@sions and grant proposals
(Cicchetti, 1991; Marsh, Herbert W & Bazeley, 198grsh, H W. & Bell, 1981).

Criteria with low reliability scores

A few of the criteria reported in Table 4.2 haebabilities (@) at or near
zero. Due to several of the assumptions behindrgéimability theory, this appears
to have occurred because the students uniformdfao perform these criteria
(resulting in rating scores of 0) rather than bargjrect reflection of the
effectiveness of the criteria. Specifically, fdethods: Control in BIOL 102, 132 of
135 scores given were zeros. For BIOL 301, 12hefgiven 144 scores were zeros.
For Results: Statistickr BIOL 102, 123 of the 135 scores were also gero
Generalizability analysis assumes that there wilVariation in performance and
perceives such a lack of variation as an indicatdow reliability rather than poor
actual performance. |If the lack of variation aoges is an accurate reflection of
student performance however, then the low relighdicore is an artifact of the

calculation process rather than an accurate assassmthe criterions’ reliability.
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Table 4.2.Reliability of Individual Universal Rubric Criteriddsing Generalizability

Analysis(g)
Course Overall
101 102 301 Ave
Criteria n= 49 45 48 142
Introduction
Context 0.67 0.83 0.50 0.67
Accuracy and relevance 0.67 0.47 0.65 0.60
Hypotheses
Testable 0.70 0.70 0.81 0.74
Scientific Merit 0.76 0.66 0.67 0.70
Methods
Controls A 0.0¢ 0.16 n/a
Experimental Design 0.20 0.89 0.57 0.55
Results
Data Selection 0.50 0.53 0.66 0.56
Data Presentation 0.77 0.72 0.64 0.71
Statistic3 0.59 0.02 0.62 0.61
Discussion
Conclusions based on data 0.63 0.60 0.65 0.63
Alternative explanations refuted 0.73 0.55 0.72 0.67
Limitations 0.57 0.83 0.60 0.67
Significance 0.56 0.81 0.79 0.72
Primary Literature 0.57 0.85 0.94 0.79
Writing Quality 0.42 0.35 0.71 0.49
Total Score 0.85 0.85 0.85 0.85

Note. Reliability values in bold are the maximum relié§pcore per criterion. Sample sizes reflect
the number of unique papers scored per coursevahles reported are three-rater reliabilitigls (
using trained raters. See Appendix 9 for singlerreeliabilities. *The trained raters for BIOL 101

did not perceive the genetics assignment as pmayiditraditional control and chose as a group to no
rate this criterion. Natural raters scoring 10peya achieved a three-rater reliability of 0.74tfos

criterion however.’See section on low criteria reliabilities for expdion.
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Two lines of evidence suggest that the uniformiy kcores on these criteria
were an accurate assessment of student performaities than the result of a poorly
designed criterion. Firstly, post-hoc review o# thriting assignments given to the
students indicates that while the use of a comted always implied/ conceptualized
by the instructors, there was no explicit statentleat students should include a
control. Similarly, in BIOL 102, students weretmostructed to perform statistical
calculations or assessments.

This evidence came about because each assignntel® b&ing based on the
Universal Rubric, explicitly focused on fewer th@uof the 15 criteria each. Criteria
selection or exclusion was classroom decisions rbgdble faculty instructors in
charge of the courses. Especially with introductapblogy, the instructors’ believed
that students would be overwhelmed with havingrtavigle peer review feedback on
15 substantial criteria and so the peer review,a@m$equently the written
assignment handouts, emphasized a subset of the cuiteria. If the instructor did
not specify that students should incorporate ttiastrs, it is likely that students did
not attempt to perform them, and the resultingamifly low scores were likely
accurate. There were other criteria that weteerplicitly identified, but on which
the students’ performance varied (and reliabildgres were acceptable), so it is
possible that the criterion of Methods: Control weasply a poor one. Alternatively,
the inclusion of controls may be a specific skithit has to be learned and without
explicit instruction, comes later in a student'selepment.

A second line of evidence supported this interpi@tathat the uniformly
poor student performance was the cause of thedtability rather than the utility
of the criteria. Criteria with low reliabilitie:iione course where students were not
instructed to incorporate that component had mughen reliabilities in the other
two courses where those criteria were includethénassignment. Namely,
reliability correlated with criterion inclusion &certain extent. For example,
Results: Statistics had a reliability score of Grs8IOL 101 and 0.62 in BIOL 301
for trained raters. Additionally, in BIOL 101 tlseores were notably consistent for
the criterion Methods: Experimental Design (only&6f the scores varied from the
mode) and the reliability score was 0.20 again shguhe correspondence between
a lack of variation in scores and low reliabilithgain, this was a situation where
student performance was constrained by the assignnide raters interpreted the
students as not being involved in the experimedealgn (and therefore scored them
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low on the performance of that skill) because moicthe experimental design was
instructor determined. After the completion of théric study, this criterion was
revised to address both student derived and irtstrderived experimental designs.

In the other two courses, the reliability of thethteds: Experimental Design
criterion was higher (0.57 and 0.89, Table 4.2ud teach criterion performed well
in at least one course and there was a correspoadmtween a failure to include
rubric criteria in the assignment and low relidiikcores. The low reliability
scores for these criteria thus appeared to be mog#lection of poor alignment of
the assignment and the rubric rather than an acassessment of the reliability of
these criteria. Therefore, all criteria perforrmedsonably whenever they were
included in the assignment in a manner that allogtadent performance to vary
with ability.

Another function of the Universal Rubric is thushighlight curricular
weaknesses or misalignments as advocated by Ha&iredr{2003). The instructors
were previously unaware that they had not proviglgalicit instruction to the
students to incorporate controls into their expental design or to use statistics, nor
were they aware that these omissions occurred Ihpteucourses. Application of a
universal metric (such as the Universal Rubric)doese it is comprised of curricular
goals thus serves a dual purpose of assessinguum alignment and progression
as well as student development. The correspordhtg on student achievement
must therefore be interpreted within the contexdl@nment between assignment
and curriculum goals. If assignments do not asédestts to perform various

scientific skills, students are unlikely to develbpse skills over time.

Reliability of the rubric as a whole

Reliability of the Total Score sum of the critesieores earned for each paper
divided by the number of criteria) based on thegens was much higheg € 0.85
for all three datasets than that for individuatemia (Table 4.2). In general terms,
these results mean that 85% of the variation irtdted scores was reflective of
actual differences in the quality of the paperth@athan rater inconsistency or other
sources of error) and that scores generated watiuiric would produce highly
reliable grades. Single-rater scores calculatexh fihe three-rater scores were, of
course, lowerd = 0.65 to 0.66, Appendix 9), but all are comparabléhbse found
in the literature (see Table 4.3). In additidre Universal Rubric’s single rater
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reliability is higher than the average or maximungke rater reliability reported for
16 studies on the reliability of professional pesiew ¢ = 0.19 to 0.54, median =
0.30, (Cicchetti, 1991); = 0.27_+0.12, (Marsh and Ball 1989)) and nine studies of
National Science Foundation grant submission revi@gw 0.17 to 0.37, median
0.33 (Cicchetti, 1991)).

When attempting to compare the Universal Rubrigtteer published works,
it should be noted that no other rubric for uniitgrscience writing was identified
which also underwent reliability testing. Rubrlisted in Table 4.3 are the closest
relevant rubrics that could be located. Theseical@valuate student writing when
students are asked to explain, justify or persuladecome from a variety of grade
levels and subject areas outside of science. r8esteidies described relevant
criteria for science writing at the university léyEaaga 1993; Kelly and Takao
2002) but were not rubrics. Halonen et al. (20)cribe an excellent and
comprehensive rubric for development of studerndi®rgific reasoning skills, but it
is neither designed for science writing, nor rdligbtested. Other rubrics found in
the literature which focused on science skillsegitthirectly observe students in the
laboratory (Baxter, Shavelson et al. 1992; GermamhAram 1996) or study other
communication media (laboratory notebooks: Baxted.e 1992; oral presentations:
Hafner & Hafner, 2003; verbal discussion: Hoganstidsi, & Pressley, 2000).
Baxter, et al1992 specifically found that reliability scoresiea based on medium
of communication so reliabilities for non-writtetudent performances were not
included in Table 4.3. By comparison with pubéidhresults, the Universal Rubric
is therefore deemed reliable for written laborateyorts in biology at the university

level.
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Table 4.3.Reliability of Professional Peer Review and Reléwurbrics for Writing.

Citation # # Reliability
Statistic  Criteria  Raters Value
Rubrics
(Baker, Abedi et al. 1995) a 6 4  0.84100.91
(Cho, Schunn, & Wilson, 2006) a 3 5 0.88
(Haaga 1993) r 4 2 055
(Marcoulides and Simkin 1995) g 10 3  0.65-0.75
(Novak, Herman et al. 1996§ g 6 *,2 0.6,0.75
(Penny, Johnson et al. 2060) phi 6 2 0.6 to 0.69

Professional peer review

Meta-analysis (Cicchetti, 1991) r various > 1 0.33
(Marsh and Bell 1981) r 5 2 0.51
(Marsh and Ball 1989) r 4 °1  0.30
Meta-analysis (Marsh and Ball 1989) r various °> 1 0.27 +0.12

(Marsh, Herbert W & Bazeley, 1999) phi Holistic 4 0.704

This study g 15 3 0.85
2 0.79
1 0.65, 0.66

Note. Professional peer review employs lists of craedther than rubrics with defined performance
levels which may account for the difference inakility scores.!Non-scientific writing. ?Relability
produced by undergraduate peers rather than traters. *List of criteria only, not a rubric.
*Multiple rubrics reported in this study, these testefer to the WWYR rubric’Single rater

reliabilities were calculated from two-rater dadiaf reported as single rater reliabilities.

In general, reliability scores increase as the remalb measurements (writing
samples per student) increases or the numbereskraicreases (Brennan, 1992;
Hafner & Hafner, 2003; Novak et al., 1996) thoughracrease to four raters from
three raters produces a negligible increase igémeralizability co-efficient
(Brennan 1992). Longer scales (number of perfonadevels) do not produce a
similar increase in reliability. The optimum numlzé performance levels appears

to center around four (Penny, Johnson et al. 2@0Mh corresponds to the number
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of performance levels in the Universal Rubric.atidition, augmentation of scores
(adding “+” or “-“ to an integer score) was allowedthis study as it increases
reliability to a greater extent than using an ietegcale of the same length (Penny,
Johnson et al. 2000; Penny, Johnson et al. 20@)erall, the reliability of the
Universal Rubric meets or exceeds that of relepabtished comparisons (Table
4.3) indicating that the rubric is an acceptabfe&ive psychometric tool. Further,
the little information that currently available tre consistency of graduate teaching
assistants indicates that there is little corretatn grades among instructors (Kelly
& Takao, 2002). Therefore, tools or pedagogicatsgies which improve reliability
are desirable. Reliability generally increasesa@ses are summed across multiple
criteria (e.g. Total Score has a consistently higbkability than vs. any single
criterion) (Cicchetti, 1991; Marsh, Herbert W & Bdey, 1999). Consequently,
practitioners are encouraged to use as many eriésrare relevant for assessing

student performance.

Impact of assignment alignment on criteria reli&il
As demonstrated earlier, instructor exclusion d@kaa in assignment

instructions can strongly impact whether or notletis attempt to address criteria
and consequently affect the reliability of a cider Alignment of rubric criteria and
course assignments are shown in Table 4.4. Theehbhy instructors to emphasize
a subset of the criteria and excluding other ddatappeared to have affected some
reliabilities (e.g. Methods: Controls). In corsteother criteria seem to be naturally
incorporated into student thinking. For examphe, ¢oncept that hypotheses should
have scientific merit (some hypotheses are mosgesting or worthwhile to pursue
than others) was not explicitly mentioned in angigsment (Hypotheses: Scientific
Merit, Table 4.4), yet there was very little vailéi in the reliability of this criterion

across the three courses and it had a reasonalydliability scored = 0.70).
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Table 4.4 Inclusion of Rubric Criteria in Course Assignments

Criterion incorporated into the assignment
for the course indicated?

Criteria Code 101 102 301

Results: Statistics R: St Yes Yes

Discussion: Conclusions D:C Yes Yes Yes, but highly
based on data selected implicit

Hypotheses: Scientific merit H: S

Hypotheses: Testable and H: T Partial: Yes, Yes, clearly
consider alternatives “clear with  verbatim stated
rationale”
Results: Data presentation R:P Yes Yes Yes
Results: Data selection R: S Determined Yes Yes, but implicit
by instructor
Discussion: D: A Yes
Alternative explanations
Introduction: I-A Yes Yes,
Accuracy and relevance verbatim
Discussion: D:S Yes Yes
Significance of research
Discussion: D:L Yes
Limitations of design
Methods: Controls M: C n/a
Methods: M: E Determined  Yes, but
Experimental design by instructor  implicit
Introduction: Context I:C Yes Yes,
verbatim
Writing Quality wQ Yes Yes Yes
Primary Lit PL Yes, Bonus Partially,
2 required only citations

required, but
primary lit not
specified.

Note. Criteria are rank ordered from least variablentzst variable based on spread between
minimum and maximum reliability per course reporied able 4.2. Blank cells indicate that the
criterion was not explicitly mentioned in the assigent. For BIOL 101 and 102, alignment
designations were derived directly from the gradimgric handed out to students in the class. For
BIOL 301, no written assignment was given to thelehts. Alignment of the assignment with the
rubric was generated by 301 teaching assistanisweg the list of criteria shortly after the
assignment occurred and identifying those theywelte communicated to the students. Codes are

provided to facilitate comparison with data preedrih Figure 4.3.

Thus, this analysis would seem to indicate thatucsors should not presume that
all scientific reasoning skills are equally easydificult for students to develop.
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Some aspects of experimental design such as mdtigickl controls, incorporation
of statistics and discussion of limitations and licgtions do not appear to come
naturally to students and require explicit pedagaigsupport.

In contrast, writing quality appears to be widedfued by instructors as well
as practicing scientists (Yore, Hand, & Florend@)4) and was included in all three
assignments, yet had a much lower average retyafli49) and a large spread
(minimum reliability 0.35 and maximum reliability ). Graduate student raters
apparently find it easier to assess the merit ieihsific hypotheses, than to assess
writing quality (the variation in scores assignedthis criterion was more than
twice the average (SD = 0.44 compared to 0.2, séeT4.2). The criterion of
Writing Quality developed for the Universal Rubaippears to be subject to greater
interpretive latitude than other criteria despiggnly inspired by the South Carolina
Department of Education English Language Arts Ru{006). While revision of
the criterion may improve reliability, it is als@gsible that as it is a more holistic
criterion (raters must consider the writing quabfythe entire work at once) high
levels of reliability may simply more difficult tachieve. With the exception of
Writing Quality, explicit inclusion of criteria inssignments appears to improve
reliability however. To test this conclusion, asphoc analysis was performed.
Reliability scores for individual criteria for eacburse were drawn from Table 4.2
and overlaid on the inclusion information providedrable 4.4. Each criterion was
categorized for each course assignment as beihgledt, partially included or
excluded and its reliability scorg)(averaged accordingly (Table 4.5).

Table 4.5.Correspondence Between the Inclusion of CriterianmAssignment and
Criterion Reliability

Rubric criterion included in assignment?

Yes Implicitly No
Average reliability scoreg) 0.63 0.68 0.55
Standard deviation 0.12 0.25 0.27

n= 23 7 14

Note. Reliability scores of individual criteria in eacburse were categorized according to the degree
of inclusion in that assignment. Sample sizeslaentumber of reliability scores in that category.
Methods: Controlvas not included because the BIOL 101 raters fiateally omitted it).
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Approximately half of the time, criteria were exgilly included in the
assignment instructions across the three course®8®). In some of these instances,
the assignment used criteria wording from the Ursi@eRubric verbatim. In seven
other instances, criteria were implicit or pargiaticluded in the assignment. For
example, for the criterion “Hypotheses are cleatted, testable and consider
plausible alternative explanations” (Table 3.3) wated as partially included in the
BIOL 101 assignment because reviewers were askedaoate if “the hypothesis
[was] clearly stated for the unknown cross?’ amdlfe] observations given here as
rationale for the hypothesis?” In 14 instancesvdrsal Rubric criteria were not
mentioned in the assignment in any way. The tianan reliability scores clearly
increases as criteria are left of out assignmesttuctions (doubling of the standard
deviation from included to excluded, Table 4.5hu$, it is recommended that
criteria be included explicitly in assignment ingtiions if that concept will comprise
a portion of a student’s grade. If instructorsatmto leave out particular criteria
from assignment instructions, then that informatgnecessary for any curriculum-
wide comparison of scores to be properly intergret8tudent performance is
sensitive to context and poor performance is oréaningful if students were
explicitly instructed to attempt a criterion.

In short, no single criterion should be used alkan@edicate the quality of a
student’s scientific reasoning ability, but wheoyped, the collective score gives a
reliable indication of student performance. Religbgenerally increases as criteria
are explicitly included in assignment instructiorome criteria are more natural
than others and student performance addressesitérgon of scientific merit even

though it was not explicitly mentioned in the assigent instructions.

Effect of biological subject matter on the relidtyilof the Universal Rubric

The Rubric was intended to be universal meanimji@ble to all
experimental research projects in which student® \Weely to engaged while
completing their bachelor’s degrees in biologyhisTneed for the Rubric to be
reliable regardless of the biological subject nrattas the main motivation for
testing reliability over three separate cours&esults to date support the conclusion
that the Rubric functions independent of subjedtt@na Criterion reliabilitiesd)
vary as a function of the inclusion or exclusiorcofteria, or other factors, but do not

appear to vary as a function of the course. Sioeadif, reliability maxima are
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evenly distributed among the courses (101 and 268 kave 4 maxima, 301 has 6
maxima, Table 4.2). Reliability of the Total Scangoarticular is consistent (indeed
identical) regardless of course. Thus, the Rubmeliability appears to be

independent of subject matter.

Summary of results for Study 2: for the reliabibfythe Universal Rubric

The Universal Rubric was found to be a reliabld {go= 0.85) for measuring
students’ overall performance in the design, im@etation and interpretation of
scientific research. Its reliability was also épeéndent of biology content area, with
no notable differences occurring among the thrparsde courses. Total Scores had
notably higher reliabilities than any individualterion on average.

Comparison of student performance on individudkcda was contextually
sensitive however. For many of the criteria,uialto explicitly include the criterion
in the assignment resulted in poor performancéhandriterion. Reliability of a
few criteria could not be completely explained bglusion or exclusion of the
criterion in the assignment however, so confidandée reliability of student scores
was highest when points for multiple criteria weusenmed. Data on student
achievement must therefore be interpreted withéncibntext of alignment between

assignment and curriculum goals.

Student achievement of scien?i:‘lijcdyei-soning skilislaboratory reports
(cross-sectional sample)

When student performance from a cross-sectiomapkaof laboratory
reports was viewed across all three courses, thiasea decided trend of
improvement from 101 to 102 and a notable deciin®01 scores for most criteria
(Figure 4.3). Average scores for 12 of the 1%edatwere significantly different
from one course to the next (ANOMVA=0.001). The primary explanation for the
decline in 301 scores was that the 301 paperstexpor the cross-sectional study
did notundergo peer review. These results suggest dsatrpview had a noticeable
impact on students’ performance. For the courdesrevpeer review did occur,
students in 102 had significantly higher scores tstadents in 101 for 7 of the 12
significant criteria (Figure 4.3). Of the five t&iia in which 101 students had higher
scores, three were explicitly included in the 16&ignment, but not in the 102
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assignment (Results: Statistics, Discussion: Liniwites, Primary Literature). There
are several potential explanations for the incréaseores from BIOL 101 to 102.
The first and most obvious explanation would be Htares increase as
experience with peer review and scientific writaogd reasoning increase. As these
scores represented a cross-sectional rather thgitddinal sample however and
data on the number of prior peer review experieme=e not available for these
students, this conclusion remains speculativeb@h samples of student papers
were collected in the Fall of 2004 (a year wherusetjal progression through the
courses was not enforced), it was possible thatsa@#le included many first

semester freshman.
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Figure 4.3. Student performance across a cross-section ajdyalourses.
All scores within a criterion significantly differeaitp <0.001 level except for I:A, M:C and M:E.

The maximum score possible per criterion is 3.@feRto Table 4.2 for Rubric criteria codes.
Sample sizes were BIOL 101 (n = 49 papers); BIOR (t0= 45papers); BIOL 301 (n = 48 papers).

Another potential explanation for the differencesaores derives from
differences in how the peer review experience veasitucted for BIOL 101 vs.
102. The peer review experience in BIOL 101 wasmmore heavily scaffolded.
Approximately 37 yes/no and high/med/low multiple®ice queries comprised the
criteria. It provided only a few opportunities fgpen-ended written. The peer

review points earned by students were based ornwelitheir multiple choice
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answers aligned with each other and those of #teuictors, rather than on the
content of open-ended text responses as in 102nkally, students earned points
for completing the online peer review process reigas of the quality of the written
feedback they provided.

Students in BIOL 101 were encouraged to take tbegss seriously and to
provide substantive feedback, but no systematichar@sm held them accountable
for the quality of their feedback. The facultytmstor did spot-checks, or
investigated if a writer complained, but in a ceuo$ several hundred students,
evaluation of the quality of reviews did not invelimany students. The BIOL 102
peer review experience focused on less than a do#ena and required open-
ended responses be provided for all those crigarththat at least ten pieces of useful
feedback be provided per review. Graduate teadmsgstants randomly graded the
guality of the feedback for one review per studergnsure accountability. BIOL
102 students also conducted a laboratory exercsaglete with handout) on how to
define and provide useful feedback. Therefores, possible that the greater scores
earned by the 102 papers are a result of highdityjpaer feedback in that course
due to the relative emphasis placed on the qualithe feedback.

The most likely explanation for the lower perforroarof the 301 students is
that the 301 papers did not undergo peer reviewsarldcked peer feedback or
subsequent revision. Students in this BIOL 30biatory sample (Fall 2005) had
earned an average of 90.@32.8 total credit hours indicating more than thyears
of academic experience and had an average inghalt{USC) GPA of 3.14 6.62
on a four-point scale. In contrast, the studem®IOL 101 and 102 were
predominately freshman (64%-76.5%) and had lowstitutional GPAs (3.00 6€.85
for 101 and 2.71 6©.87 for 102). Thus, the 301 students possessadey academic
experience and had stronger academic records. eGoestly, it is unlikely that their
lower scores were the result of lesser academierexce at the university level or
lesser academic success in other courses. BIOIlst@Ent appear to be more
experienced and academically competent lendingastipp the idea that the
difference in scores is the result of the lackhaf peer review experience. So the
effect of peer review appears to fade over tinteafprocess is not continued.

The lower GPA of BIOL 102 students compared to BIfAll students

further suggests that higher scores on sciengfisoning in 102 were caused by
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differences in the peer review process rather byadifferences in student
demographics.

Additionally, it should be noted that student agkment on individual
criteria appeared to be affected by alignment betwbe assignment and the Rubric
in the same way that reliability was. Namely, stid tended to perform poorly on
criteria which were not included in the assignmdpbr example, the BIOL 102
assignment did not ask students to perform anisstat tests, nor require them to
use any primary literature and students performet goorly on those items. It
should also be noted that overall performancevisfto all courses. On average,
students scored at the novice level (1 point ot wfaximum of 3) regardless of
criterion, course or level. This is appropriatethe introductory biology students
and provides ample room for higher level coursdsittiner develop students’

scientific reasoning skills.

Summary of results for Study 4: Quality of laborgteeports as a result of peer
review (cross-sectional sample)

This cross-sectional sample consequently suggésaegeer review
improved student performance to a greater extetghneralized academic
experience or ability. Students in courses wigichaged in peer review tended to
produce higher quality laboratory reports than stus in a course which did not
engage in peer review despite the fact that thaesiis who engaged in peer review
were less academically experienced and had a lawerage GPA. Specifically, the
highest scores for 7 of 12 criteria occurred inBh®@L 102 lab reports despite the
fact that BIOL 102 students had lower average GRé\fawer credit hours than
BIOL 301 lab students. BIOL 101 students outperfed BIOL 301 students in an
additional 5 criteria. The stronger performanc8)L 102 students may be due at
least in part to the fact that the BIOL 102 peetae process had the greatest
emphasis on students providing substantial and imgfuh feedback as reviewers
were actually graded on the quality of the feedithely provided. BIOL 102
students also had more experience with the peewgwocess on average than did
BIOL 101 students which may also have bolsteretbpmiance.

Lastly, student performance was improved when Rutniteria were
strongly incorporated into the assignment. On ayey students performed at the
novice level. Such performance is appropriatetiose who were enrolled in

105



Introductory Biology at the time. Without peeview, students in the 300 level
biology laboratory also performed at the noviceelevNo information was available

here for 300 level student performance on laboyateports with peer review.

Study 5:
Student achievement of scientific reasoning skiltslaboratory reports

(longitudinal sample)

Longitudinal data on 17 students were generatetbhybining the rubric study
with an independent rating of additional papersipoed subsequent to the rubric
study. The independent rater had internal religlthecks whereby the duplicate
copies of the same paper were assigned differentitgf codes and inserted into the
scoring stack as if they were independent papé&i: 60% of the papers, the
independent rater’s Total Scores on redundant papere less than 1 point different
(on a 45 pt scale). The average difference inlT®tare across all redundant papers
was 1.53 points. As trained rater Total Scoresahathndard deviation of 2.0 (see
Table 4.14) the independent rater’s scores wersidered equally reliable. For
papers that were part of the rubric study, thd sitares across all three trained
raters were averaged and that average value ughd asore for this longitudinal
study.

In contrast to the cross-sectional data, wherstioges earned by a particular
student were plotted chronologically, there wa® aignificant difference among
scores earned in the different classes. The resend recall that inclusion or
exclusion of a criterion from an assignment mayaststudent performance (and
hence score). This lack of significance is truevéweer, regardless of whether all 15
criteria are considered, or just the six critehattwere equally emphasized across all
three assignments (Figure 4.4). There does appder a positive trend of
increasing score from’Isemester of introductory biology to 301, but hésception
should be guarded against for three reasons.

Firstly, given the lack of significance, the treméy not exist at all. Secondly,
the positive trend is not evident at the levelmafividual students. Only five of 17
students made large gains from introductory bioltmy801. Their gains were
sufficiently large however to obfuscate the faetth2 of 17 made no gain or

declined when the average is calculated (Table 4I6)rdly, beyond statistical
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significance among means, it should be noted taiaisgnust be larger than 2.0
points to be considered meaningful. This cutadbwelected because the average
standard deviation among three raters on a sirggernranged from 1.94 for BIOL
301 to 2.13 for BIOL 102 (BIOL 101 had an averaggndard deviation of 2.06).

20.0
18.0+—
16.0
14.0
12.0
10.0 | 1
8.0 1 T
6.0 T
4.0
2.0
0.0

& Average total score all 15 criteria

B Average total score 6 criteria

Points earned per paper

1st sem intro biol 2nd sem intro biol 301

Figure 4.4. Average scores earned by laboratory reports sicnodtiple courses from
longitudinal sample (n = 17 student®)s some students in this sample took BIOL 102 por
BIOL 101, results are reported in chronologicalesrchther than by course. There is no significant
difference over time within a set of criteria. Rar bars are from the subset of six criteria thaten

emphasized equally across all three assignmeriés (ceTable 4.5).

The trend from first to second semester of introéoiycbiology may be more
robust because four students made improvementseateay than 2.0 points from the
first to second semesters of introductory biolodyla/five had no change (Table
4.6). None showed a decline. Twelve of the lidesits showed no change or a
decline in score from introductory biology to 3@1t five had notable gains (29%)
sufficient to increase the average. A larger sanspde may either reinforce the
general positive trend until it is clear or proviebglanatory insight for the lack of
improvement. Additionally, the majority of the 3P&pers did not undergo peer
review, so significant gains may be realized ieapreviewed assignment is
selected for sampling at the 300 level.

Thus with a larger sample size such as was avaifablthe cross-sectional

sample, statistically significant change may beeolb=d. Unfortunately, due to the
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unconstrained nature of the influences and chadlerigced by college students, it is
guite common for longitudinal studies in higher ealion to suffer attrition rates of
43% to 96% (Haswell 2000). Concerted efforts Wwdlnecessary to provide a larger

sample size in the future.

Table 4.6. Longitudinal Performance of Individual Studentsid) Laboratory Report Total

Scores.
Student 1st semester 2nd semester BIOL 301
Intro Biology Intro Biology

A 7.0 15.7 12.4

B 11.8 15.1

C 11.2 11.2

D 14.7 13.8

E 8.4 9.7 17.3

F 9.3 10.0 6.3

G 14.3 15.3 13.7

H 8.4 8.3 22.0

I 10.5 9.7 9.0

J 14.5 17.9

K 5.7 14.0 15.5

L 7.7 12.7 12.7

M 15.6 8.2

N 13.9 18.4

O 11.7 14.2 12.7

P 12.1 15.4

Q 15.1 11.2
Average 11.3 12.1 13.7
SD 3.2 2.7 4.0

Note. Second semester papers were not available fog students. Gains must be greater than 2.0
points on this scale to be considered meanindfaboratory reports were scored using all 15 cateri
regardless of assignment inclusion or exclusioourf nine (44%) students produced meaningful
gains from 1'to 2'“ semester in introductory biology with the restwhmy no change. Five of 17

(29%) showed gains from introductory biology to 3fiur showed declines and seven were neutral.

No comparable longitudinal studies of scienceingitvere found in the
literature, but a few longitudinal studies of ungtaduate composition were
available. When student essays for placementfisghman and junior year English
composition courses were compared, significantfigea toward competent,
working-world performance” were found (n = 64, AN@\p < 0.02) and the mean
number of words per sentence and mean clause lergtased (Haswell 2000, p.
307). Another longitudinal study which collectedtmg samples over entire
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undergraduate careers indicated that while studgrgear to learn from writing,
even after four years students may not have redeuéicient support in their
coursework to gain analysis and synthesis skillrite in sophisticated or complex

ways (Sternglass 1993).

Summary of results for Study 5: Quality of laborgteports as a result of peer
review (longitudinal sample)

Study 5 did not identify large changes in scieatiBasoning ability. Review
of the literature suggests that this is not sumpgigiiven that the three writing
samples were all generated within a three-sempstard (Fall 2004 to Fall 2005)
and the sample size was quite small. Additionabme of the endpoint (BIOL 301)

essays did not undergo peer review.

Study 3:
Reliability of theScientific Reasoning Test
in this undergraduate biology population
While student performance on laboratory reporteésmost direct and rich
source of data for evaluating the effect of peereng on student inquiry abilities.
Collection of longitudinal portfolios and scorin§lengthy reports is a time and
resource consuming process that only allowed etialuaf a subset of majors.
Coarser-grained measures therefore serve a usefttidn as they allow sampling of
entire cohorts of majors. Additionally, if coarsgggained measures show an effect of
peer review on student reasoning ability than éfigict will likely be richer and
deeper with more fine-grained measures. The cograted measure selected for
use here was thecientific Reasoning TeR) (Lawson, 1978) developed for use
in higher education large enrollment biology coarse/hile found to be reliable and
informative in such settings in other institutidhswson, Anton E, 1979, 1980,
1983; Lawson, Anton E, Alkhoury, Benford, Clark,R&alconer, 2000; Lawson,
Anton E, Banks, & Logvin, 2007), reliability wassal assessed directly in this study
population.
Typical factors affecting reliability of a psychotrie test are: the instrument,
the population, the setting, the raters (if apflieaas well as all the interactions
between these factors and the unavoidable “othexes of error.” Th&RTwas

administered in two different terms and six differbiology courses including
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introductory biology and upper division coursesdarombined sample size of 851.
In Spring 2005, the test was administered pre-jpoBtOL 102 (n= 303 students
who took the test) and the Kuder-Richardson 20 (BR#ze-test score was 0.83. In
Fall 2005 it was administered again at the begmointhe term to 548 students in
five different biology courses ranging from intradory biology to a 500 level upper
division course. The corresponding KR20 score G48 biology majors) was 0.85
in that administration. These reliability valuesehor exceed those published
recently for this test (see Table 2.3, Lawson, Arfp 1978, 1983; Lawson, Anton E
et al., 2000; Lawson, A.E, Baker, DiDonato, Ve&liJohnson, 1993; Lawson,
Anton E et al., 2007; Norman, 1997). Thus, thé&rument is reliable in the
population of biology majors at this institutionu@zk 1980).

TheSRTwas developed using Piaget’'s concepts of conaredeabstract
reasoning. These reasoning patterns are predi@elelop once students reach the
stage of logical operations (usually around sevegight years of age) (Karplus,
1977). The advancement of students from contoeddstract thinking is not
thought to be a linear or unidirectional progresdiowever and secondary and
tertiary students may exhibit either or both reasgpatterns under various
circumstances (Karplus 1977). Published averageesdndicate that there is not an
automatic increase i8R Twith an increase in student chronological age. tifesk
and Rogers (1994) administered SR Tpre-post to 56 ninth graders (average age =
15.3 years) to test the effect of various instuti strategies. There were no
significant differences (though general positivntts did exist) between pre and
posttest scores for any group (avsetdev = 4.21 .07 to 5.15 .98, no reliability
value reported). In our administration, freshmad an average scorestandard
deviation of 4.89 £.02 and 78% of students were between the agEs and 20
thus confirming that scores should not be expetiaedcrease simply due to
chronological age. Other administrations of 8Treported above were not scored
using the two-tiered system and used either a 26 atem version of the test so

similar comparisons could not be made.

Summary of results for Study 3: Reliability of 8wentific Reasoning Test.
The Scientific Reasoning Tests found to be as or more reliable (KR20 = 0.85) i

this population of undergraduate biology studestmadther published studies.
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Study 7:

Relationship betweecientific Reasoning Tesscores and peer review experience

Administration and sample reduction decisions

TheScientific Reasoning Test (SRIgs administered to a cross-section of
biology majors in 100 to 500 level courses in tlad Bf 2005 in order to capture
students with a range of peer review experienégem the initial sample of 1048,
non-biology majors were removed leaving 573 stuslentheSRTwas administered
at the beginning of the semester with studentsreelbrting the number prior peer
review experiences. Of the 573 biology majors, dBnot report the number of
prior peer review experiences leaving a sampledaf@able 4.7). As Spring 2005
was the first semester that peer review was impheaein any course beyond the
introductory biology (101 and 102) courses, it wasertain how many students in

302L or 530 might have had three consecutive pmaew experiences.

Table 4.7/Distribution of Biology Majors’ Prior Peer Reviewxferiences as a

Function of Course Enrollment

# prior peer review experiences reported

Course Zero One Two Three Four Total
101 24.4 2.2 0.7 - - 27.3
102 12.0 5.3 2.0 - - 19.3
301 12.2 4.0 8.0 1.1 - 25.3
302 7.1 5.1 6.0 0.7 0.2 19.1
530 5.5 2.2 1.1 0.2 0.0 9.1

Total 61.2 18.8 17.7 2.0 0.2 100.0

Note.Values reported are the percentage of studentstiegpthat number of cumulative peer review
experiences (n = 451 students). BIOL 101 andar@antroductory biology. BIOL 301 and 302
were the lab components of sophomore level cladBH#3L 530 was Histology. Numbers in italics
are the expected number of peer review experieiocesstudent progressing through the curriculum
in the traditional fashion.

As the data in Table 4.7 make clear, more thandfatie biology majors in

the sample did not progress through the curriculuthe intended way. They had
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either too many peer review experiences for thairse level indicating that they
had retaken a course, or too few indicating they thiere transfer student who had
taken some proportion of the curriculum elsewhd&rke maximum number of
legitimate peer review experiences that a studemtdchave accumulated at this
point is three (BIOL 101, 102 and 301L, marked able 4.7 with italics) with three
unique experiences being a possibility only fodstuts enrolled in 302L or 530.
Only 44.3% of the students in this sample are ssfoeimmersed participants in

the USC Biology Curriculum (values on the diagonatalics in Table 4.7). Course
enrollment is therefore clearly not an effectivexy for peer review experience.
In-depth review of the remaining 55.7% of the shideommenced. Some students
retaking courses had not actually completed the i@@ew experience in past
enrollments, while others had. Past researchh@asrsthat student performance is
affected by a variety of factors that are magnifigten students retake classes. For
example, the lower self-efficacy or motivation agated with having failed a class
once could reduce performance (Lawson, et al., 20stler-Jackson & Songer,
2000; van Berkel & Schmidt) in subsequent enrollteerRepeated exposure to the
same task (writing assignment) can affect perfocaamas well (Anderson, Fisher et
al. 2002). Therefore, the decision was made t@uenstudents who had failed and

were retaking a class thereby reducing the sangaets 389 (Table 4.8).

Table 4.8Distribution of Students’ Prior Peer Review Expade Once Students

Who Repeated Courses are Removed.

Course # reported prior peer review experiences

Zero One Two Three Four Total

101 27.8 - - - - 27.8

102 13.1 5.7 - - - 18.8

301L 12.9 4.4 9.0 - - 26.2

302L 7.7 5.4 5.4 - - 18.5
530 5.9 1.5 1.3 - - 8.7
Total 67.4 17.0 15.7 - - 100

Note. Values are percentage of the total sample (183=sBudents). Values in bold italics represent
the expected progression through the curriculutndéhts with alternative combinations of course
and peer review experience (values not in itales)e taken some portion of their relevant biology

coursework at other institutions (transfer students

112



Students who had fewer than the expected numbeeefreview
experiences due to transfer credits comprise $§lighore than half the total sample
reported in Table 4.8 heavily skewing the sampleatals no prior peer review
experiences (67.4% of the total sample). This stétees allow however a nice
opportunity to distinguish between the effect cidemic maturity (credit hours) and
peer review as notable proportions of the sample Ihdggh numbers of credit hours

with little peer review experience.

The reader should please note that this variatiamedit hours versus
number of peer review experiences serves as the ddasomparison in this cross-
sectional sample. As theS&Tscores were earned at the beginning of the fall
semester, there are students present in the savhplare incoming freshman (and
hence have no peer review experience) as welbhasfer students with no peer
review experience but many credit hours as weditadents who have always
attended USC but recently changed into the biologyor. This variation in
experience by academic maturity among a crossesedtsample of biology majors
was the most valid and informative comparison toatld be generated in these
circumstances. The experience of attending collsgd is expected to improve
students’ reasoning abilities, so the effect ofrpeeiew experience on scores must
be evaluated by comparing it to the natural ancetqul gain due to increased

academic maturity.

Student performance on tBeientific Reasoning Test

Student performance on t&RTshows a notable relationship to general
academic maturity (defined as total credit hoursed) (Figure 4.5). Credit hours
were translated into academic class (freshman,sopte, etc.) using the standard
conversion of 30 hrs per year. Student perforraahd vary significantly with total
credit hours at thp = 0.011 level (see Table 4.9 for ANOVA resultshn increase
in Scientific Reasoning Testore with increasing academic experience is not
surprising; it would be extremely dishearteningtiidents’ reasoning ability did not
improve over years of university level coursewoillhe question is how strong is the

effect of peer review compared to that of academaturity or institution.
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Figure 4.5Relationship between academic maturity and stutd&aisntific Reasoning Test
scores Total credit hours are cumulative and include gpdiee transfer credits, and USC credit.
Scores are significantly different among groyps 0.011, see Table 4.9 for ANOVA results).
Sample sizes are the number of students per griéuor bars are 95% confidence intervals around
the means.

Table 4.9. ANOVA Results WheScientific Reasoning TeScores are Sorted by
Total Credit Hours

Sum of Squares df Mean Square F Significance
Between 86.005 4 21501 3.295 .01l
Groups
Within 2492.915 382 6.526
Groups
Total 2578.920 386

Note. These results correspond to Figure 4.5

As a large proportion of the students in this samwptre transfer students, a
comparison was also made between performance dRfand the number of USC
credit hours earned (Figure 4.6). The source otthdit hours was a concern as

students with greater peer review experiences walsla have greater USC credit
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hours than transfer students with similar backgdsunSignificant differences in
performance as a function of USC credit hours viss faund at the 0.005 level
(Figure 4.6). Notably, the pattern is not the saséor total credit hours with the
students with >90 USC credit hours having a loweeres then the preceding class.
Explanations for the drop-off for students who ha®® credit hours may include
delayed administration or administrator effectsily@85 students in the entire
sample of biology majors had > 90 USC credit hamd 67 of those were enrolled
in BIOL 530. TheSRTwas administered to BIOL 530 several weeks in& th
semester as opposed to the first week as was skeendth the other courses.
Additionally, this researcher was not able to bespnt in the BIOL 530
administrations, as she had been in the other asimations, and does not have any
objective information as to the seriousness ormretfat 530 students were asked to
invest in the test. So reduced effort due eitbhartcoming examinations or context
in which theSRTwas presented may have affected the effort stugemtdled in
BIOL 530 as a cohort. As these students compi88é a@f the students in that

category, reduced effort in the 530 class is agide explanation for the lower

scores.
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Figure 4.6. Relationship between students’ scores orSitientific Reasoning Teand time
spent in the USC curriculum (USC credit hourSgores are significantly different among

groups p = 0.005 see Table 4.10). Sample sizes are thdeuaf students per group. Error bars are

95% confidence intervals around the means.
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Table 4.10.ANOVA Results When Transfer Credits are Excludeidsaientific Reasoning
TestScores are Sorted by University of South Carolin@d@ Hours

Sum of Squares df Mean Square F Significance
Between 907.349 4 24337  3.295 005
Groups
Within 2442773 379 6.445
Groups
Total 2540.122 383

Note. These results correspond to Figure 4.6

In contrast, when student scores on3iRelwere sorted by number of peer
review experiences, scores rise consistently (Eigur). Theelationship between
peer review and scientific reasoning scores wasfgigntly stronger than that of
either total credit hours or USC credit hours (.600). In addition, the maximum
value achieved for any group mean in this analfg®2) was for students with two
peer review experiences and the largest gain dir&g) occurred from zero to two

peer review experiences.
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Figure 4.7. Relationship between students’ scores orSttientific Reasoning Teahd the
number of peer review experiences in which theyehengaged Scores are significantly

different among group$ (= 0.000 see Table 4.11). Sample sizes are thdéawuai students per

group. Error bars are 95% confidence intervalsiagdhe means.
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Table 4.11.ANOVA Results WheScientific Reasoning TeSicores are Sorted by the
Number of Peer Review Experiences in Which a StutesnEngaged

Sum of Squares df Mean Square F Significance
Between 148851 2 74.425  11.697 000
Groups
Within 2456.100 386 6.363
Groups
Total 2604.951 388

It should be noted that the maximum score possibltheSRTis 12, so there
was no concern of a ceiling effect. If additiopakr review experiences will further
increase scientific reasoning, t8&Tis a plausible means of capturing those
changes. GPA was not considered as a factor leeabe while scientific reasoning
score does vary significantly with GPA, GPA is adsoeducational outcome, not an
independent factor. Plotting two outcomes agasash other provides little

information except that good students score bettaests than do poor students.

Summary of results for Study 7: Relationships betvpeer review and Scientific
Reasoning Test scores.

In conclusion, even using a relatively insensiwvel contextually removed
tool such as th8RTmultiple-choice test, the effect of peer revievapparent. The
most statistically significant gains and the grsatwerall scores occurred when
biology majors were categorized by the number ef peview experiences in which
they had engaged. Specifically, two peer reviepeerences produced larger gains
and scores than did three to four years of unityecsiursework regardless of the
institution at which that coursework occurredshould be noted that there is
considerable room for improvement in test scoregdwver (two peer review

experiences producing an average score of 6.821@pa scale).

Study 6:
Reliability of scores given by graduate teachingessants in natural grading
conditions

Besides its utility as a measurement instruméet Utniversal Rubric has
potential to benefit students and instructors sdlassroom as well. Students learn

best when expectations are made clear and arestemsover time and rubrics can
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specifically aid student learning in this way (MalNeBellamy et al. 1999). More to
the point, however, science graduate students ofisgive little support for their
teaching and little training on pedagogical isssigsh as grading in particular (Boyer
Commission, 2001; Davis & Fiske, 2001; Luft, KurelziRoehrig, Turner, &
Wertsch, 2004). Use of a standardized Rubric dbwolth provide consistency of
expectations for students across multiple coursgsma curriculum as well as save
graduate teaching assistants the work of develapieig own grading schema.
Given the common lack of attention to graduate estiglas instructors, one of the
additional questions asked by this study includé¢hat is the natural reliability of
grades produced by the graduate teaching assi3taats there any factors (besides
training) which seem to improve grading consisté&icy

Consequently, a parallel study to the first raligbstudy was conducted
with an additional eight graduate students whonditlparticipate in the first
reliability study, nor receive explicit training dhe rubric. Using the same student
papers as from the first study, these untrainedwgrie teaching assistants
represented a sample of the natural conditionsruntlieh grading of laboratory
reports occurs. They were provided with a listh&f Rubric criteria and the point
scale and asked to score papers as if they weoealay reports in the
representative courses. Each of the graduaterggigerolved in this comparison
study had previous teaching experience in the aglecourse, however. Thus, while
not receiving any explicit training on the use loé tubric as occurred for the
reliability study, the raters were familiar withetlassignments and any rubric criteria
which were already incorporated into the coursegassents in which they had
experience.

The untrained, natural raters had demographic aiiés to those in the first
reliability study including inexperienced and expaced teaching assistants in each
group (see Table 3.6 for a list of rater charastes in each study, note differences
in 301 — Natural rater group only had two membeesther of them inexperienced).
The primary difference between the two types aénsatvas that raters in study 2
(reliability of the Universal Rubric) received thimiversal Rubric and Scoring
Guide which contained examples of student worlaaheerformance level as well
as five hours of training using multiple exemplapprs and discussion until raters
came to consensus on the meaning and distributioniterion scores. The natural,

untrained raters received support similar to tmaviged to graduate teaching
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assistants when they actually taught in the cours®gecifically, 10 minutes of
verbal instructions as the goals and means ofasiednd a list of criteria.

Table 4.12.Effect of a Few Hours Training on the ReliabilifyStores Given by

Graduate Teaching Assistants

Course Trained Raters Natural Raters

1 rater 2 raters 3 raters 1 rater 2 raters 3 raters

101 0.66 0.79 0.85 0.51 0.68 0.76
102 0.66 0.79 0.85 0.57 0.73 0.80
301 0.66 0.79 0.85 0.68 0.81 1.

Note. Papers differed by course (n = 142 papers tdiat)within a course, trained and natural raters
scored identical papersNo third rater available.

Natural grading conditions in this study comparedther published results

In general, graduate students under natural dondihad produced similar
(though lower) average and maximum reliability &soas trained raters (Table
4.12). These reliabilities compare quite favorahith the only other published
reliability of graduate teaching assistants foumthee literature, as well as with
published reliability scores in general (comparesl@bilities in Table 4.3). In the
only published student reporting reliability ofxece graduate students as raters,
Kelly and Takao (2002) compared the point valussgagd for research papers in a
university oceanography class and found significhiférences in the mean scores
awarded by each teaching assistant (ANQYA0.022, i.e. no correlation among
teaching assistants). In addition, when the radkrs of the student papers
produced by the graduate teaching assistants wenpared with those produced by
trained raters using a rubric there was little elation ¢ = 0.12, Kelly and Takao
2002). The natural reliability of teaching assmsan this study thus appears to be
notably higher as reliability scores @f 0.76 and 0.80 indicate that most (76-80%)
of the variation in student score was actually tudifferences in the quality of
student work rather than inconsistencies amongs.ate

A likely explanation for this finding is that teanly assistants under natural

conditions actually received more pedagogical ingirand support for consistency

in grading then did the teaching assistants inyKatid Takao’s study. While not
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receiving any explicit training as part of thisdguthe graduate students who
participated as natural raters had all taught énittroductory biology course at least
once at some point in the past (see Table 3.6ad@zte students are always
assigned to introductory biology for their firsatding assignment because there
they receive support and pedagogical training fthenfaculty laboratory
coordinator. Introductory biology teaching assistaare required to attend a weekly
meeting typically lasting two to three hours dunmhich they receive support and
training for that week’s teaching duties. Factudtyoratory coordinators monitor
grade distributions and meet with teaching assistaho seem to have exceptionally
high or low grading schemes and graduate teaclssigtants are exposed to
Universal Rubric criterion whenever those critema incorporated as part of the
course assignments. Thus, our natural raters @y greater experience with
applying criteria to laboratory reports than did teaching assistants reported in
Kelly and Takao’s study. As the level of suppascribed here for teaching
assistants appears to be greater than that redortethny other institutions. For
example, in many cases training in how to teactotseven considered in
discussions of the quality of doctoral programg.(Mervis 2000; Carnegie Initiative
on the Doctorate 2001) or when support providegrémuate teaching assistants is
investigated, most are found to work autonomousti ittle pedagogical support or
training (Luft, Kurdziel et al. 2004).

Reliability of individual criteria under natural ging conditions

Looking at individual criteria, criterion reliabii maxima were again
distributed across courses (Table 4.13) showindapzndence of reliability on
subject matter. Methods: Controls and Resultdis$itzs for BIOL 102 also posed
challenges for Natural Raters due to universally student performance (same
situation as described for Trained Raters sectiolow criteria reliabilities). One
notable difference was that BIOL 101 Natural Rateese able to successfully apply
the Methods: Controls criterion and generatediabiity score ofg = 0.74. No
description of the successful interpretive framdwased by Natural Raters was
available. Methods: Controls was re-written based rained Rater feedback to
address the difficulties in interpretation suffel®dfive of the six groups of raters. It
should also be noted that Hypotheses: Scientifiathéiich was one of the more

successful criteria for trained raters, had a lorgéability under natural conditions
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(average reliability of = 0.42). This result suggested that the explagato
descriptions of student performance at the varsmosing levels was necessary for

this criterion, or else it was prone to excessiagation in interpretation.

Table 4.1Reliability (g) Scores for Individual Criteria undBlatural Conditions

Course Overall

Criteria 101 102 301 Ave
Introduction

Context 0.48 0.67 0.70 0.62

Accuracy and relevance 0.50 0.64 0.55 0.56
Hypotheses

Testable 0.57 0.60 0.49 0.55

Scientific Merit 0.45 0.38 0.42 0.42
Methods

Controls 0.74 0.00° 0.00° 0.25

Experimental Design 0.67 0.84 0.60 0.70
Results

Data Selection 0.25 0.61 0.41 0.42

Data Presentation 0.31 0.72 0.61 0.55

Statistics 0.27 0.06 0.52 0.28
Discussion

Conclusions based on data 0.48 0.38 0.49 0.45

Alternative explanations refuted 0.54 0.66 0.38 0.53

Limitations 0.62 0.62 0.39 0.54

Implications / significance 0.47 0.50 0.55 0.51
Primary Literature 0.83 0.57 0.76 0.72
Writing Quality 0.62 0.67 0.65 0.65
Total Score 0.76 0.80 0.81 0.79

Note. Student papers and samples sizes are identid@tof Trained raters (Table 4.2). Maximum
reliabilities per criterion are highlighted bold. 'BIOL 301 reports two-rater reliability scoretSee
section on low criteria reliabilities, the samauatton described for trained raters applies fourst
raters for BIOL 102 and 301.

When comparing trained and natural raters, in gemeatural raters had lower
reliability scores (Figure 4.8). Reliabilities seesimilar for some criteria (e.g.

Introduction: Context and Introduction: Accuracyetfiods: Experimental Design,
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Primary Literature and of course the Total Scordembther varied noticeably (e.g.
Results: Statistics). In only two instances ditlral raters generate reliabilities
higher than trained raters: Writing Quality and Neds: Controls. It should be
noted that these were two criteria that seemease gifficulty for trained raters.
Natural Rater reliabilities for Writing Quality wehigher (averaging to 0.65) and
less variable than those produced by trained réfegsire 4.8).
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Figure 4.8. Comparison of the reliability scores of Trained Matural raters for individual
rubric criteria Data points are thaveragethree-rater reliability across all three courses (142

papers) except for M: Controls which is single datat from BIOL 101: Natural Raters only
(reliability = 0.74, n=49 papers). The top of edeln indicates thenaximunreliability achieved by
that type of rater. Lower bar indicates thmimumreliability (bars are not standard error bars).
Comparison of the stringency of natural vs. traimatkrs

One evident difference does exist between traimednatural raters in the
number of points each tends to award per criteribrained raters were much more
stringent on average than natural raters (Tabk, &ijure 4.9). Out of the
maximum total score that could be earned (45 ppinttural raters awarded an

average of 9.1 more points than trained raterg)yndaubling or more than doubling
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scores depending on the course (Table 4.14). rAlataters were also more variable
having an average standard deviation that was tharetwice that of trained raters
and double the range in score (Table 4.14). Tgkdnioverall scores for the natural
raters may be at least partially caused by them#ugte students using a more grade-
like mentality. In other words, when grading, theerage student is expected to
earn approximately 70-75% of the possible pointsthe range of scores between
excellent students and extremely poor studentslisapproximately 40% (e.g. the

span between an “F” and an “A” is usually 60% t@%).
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Figure 4.9. Comparison of the stringency of Natural vs. Tedimaters (average total score
+ standard deviation)Sample sizes are the number of papers scorezbpese. Three raters per
group with the exception of the 301 Natural ratgmup which only had two raters. Maximum total
score possible was 45.

By comparison, scores generated by the Rubric savelyabsolute scores
based on criteria rather than relative scores (gagles). For natural raters grades
are usually assigned relative to other studentisarsame course rather than being
based on absolute criteria. Thus, without exptraining, it may have been
challenging to for natural raters to change thenspective and use the absolute
scale required by the rubric. With scoring, nost@dents who performed well,
might still only earn 30% of the available pointkiah differs a great deal from the

percentage they would earn as a grade in the class.

123



Table 4.14.Variability of Scores Awarded by Trained vs. NatiRaters.

Ave total score Average Range of Ave Score per
+ Ave Std Dev Total Scores criterion

+ Ave std dev

Trained Natural  Trained Natural Trained Natural

Course
101 12.0+2.1 27.8+6.4 3.9 12.0 086.2 19+05
102 115421 159453 4.0 10.0 0862 1.1+04
301 11.6+19 188435 3.7 49  08+02 1.3+0.3
Ave. 11.7+2.0 20.8+5.0 3.9 9.0 0862 14+4

Note. The maximum score possible was 45. Range waslatdd by subtracting the smallest total
score awarded by an individual rater from the latde indicate the degree of variation per student
among the three raters. Similarly, the averagedstal deviations reported are the standard dewiatio
in total score among the three raters per studemaged over all the papers in that course for that

type of rater.*Only two raters in this group.

The greater variability in natural rater scores aodsequential lesser
reliability are likely realities of the researcherted university classroom. Most
university science departments are not able toigegwedagogical training for
graduate students, especially calibrated trainmgaw to grade, despite their
ubiquitously role as undergraduate science labgramstructors (Boyer
Commission, 2001; Carnegie Initiative on the Doatey 2001; Luft et al., 2004).
This study did not address the reliability of scemraduate students grading in the
absence of standardized criteria, so it is possiaethe use of the list of criteria

alone improves reliability.

Summary of results for Study 6: Reliability andngiency of graduate teaching
assistants in natural conditions.

Without explicit training on grading with the rubyigraduate teaching
assistants in this program (which provides moreagedical support than many) are
more lenient and slightly more variable. Theiiabeilities are only slightly less than
those for trained raters however< 0.76 to 0.81). The generalized pedagogical

training in introductory biology appears to havepded these graduate students
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with the ability to be reasonably reliable in thegsessments of student performance.
An additional few hours of training did further ingwe that consistency. The
graduate raters for this project were self-selegtddnteers. No assessment was
made of their teaching abilities in comparisonh® graduate student population at
large.

Study 8:

Graduate teaching assistants’ perceptions of theiwgmsal Rubric

Graduate student teaching assistants’ perceptiothe dRubric were
surveyed anonymously immediately after the comgtetif the Rubric training and
scoring sessions. Because graduate teachingaadsigterceptions of the utility of a
tool are likely to impact the effectiveness of ttwdl and because the feedback was
gathered as an exit survey for the training, thpeseeptions are presented here rather
than in Chapter 5.

Most raters found that the concreteness and spiegiéif the rubric made

scoring easier than grading without a rubric.

It highlights several categories that are expedtescientific writing
and allows for fairly easy and unbiased assessmiewhether

students are competent in these areas acrossdbattemic years.

Straight forward; Very well organized/formatted dagent -
manageable & efficient

They also often felt that training was useful amak it would be beneficial
for science departments to provide such trainindpéar teaching assistants (TAS).

TA orientation should have at least an hour dedidab
working with and calibrating with the rubric. A mugscientific
writing is to be a major objective of the departmen
Absolutely [training] should be given to new TAge&ific
instructions will help them grade more consistentg in how
to handle specific errors, specific misconceptiats,

Graduate student raters overwhelmingly indicated e use of exemplar
papers was a key point in the training experiertéa. example,
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The practice lab reports were very beneficial. Uni looked at
what you guys (Sue & Briana) scored [on the exersplae

weren't too sure of what applied for criteria foraanple

Yes! Bad papers were very easy to score but solfigood ones
were a real pain and it was surprising to see ws@res a "good paper"

would get, therefore | trusted the tool even more.

If departments choose to provide some trainingéalgate students, the use
of a rubric and exemplar papers are therefore reasemided as minimum
components of that training. When asked if theyld incorporate elements of the
rubric into their own assignments in the future singraduate students replied
positively. Specific comments either indicatedt tiheey already did use such criteria
or listed specific criteria on which they thoughe tstudents should focus. Overall
comments wished for more incorporation of rubrieneénts into departmental

courses.

Believe it or not, this scoring experience reallgk@as me wish |
TA'ed a writing intensive course! | would love tpportunity to
help my students develop into expert writers oversemester

and would definitely use this tool to do so.

Suggestions for improving the rubric focused mostiyadding additional
criteria for various elements the graduate studermsght were missing or for giving
greater detail in the rubric about how to handlecsr scoring situations. Notably

there were no suggestions to shorten the rubric.

Summary of results for Study 8: Graduate teachsgjstants’ perceptions of the
Universal Rubric.

Graduate teaching assistants who volunteered toebgained raters in the
Universal Rubric reliability study found the fivedr training to be useful enough
that they recommended that all graduate teachisigtasts receive similar training.
Aspects of the training mentioned as being paridyluseful included the scoring of

common exemplar papers similar to those which weet# scored in the future and
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discussion of discrepant scores to calibrate iatérpretations of the rubric
criteria and expected student performance at valexels.

Summary of Achievement Results

The incorporation of peer review was effectiveifoproving students’
scientific reasoning skills and scientific writin&tudents were effective and capable
reviewers at even the introductory level. Useedmnfeedback improved student
laboratory reports. Laboratory reports were a sighirce of data when investigated
with the Universal Rubric for Laboratory Reportépplication of the rubric to
longitudinal and cross-sectional portfolios of leditory reports measured the
progression of students in acquiring scientificuimg skills and highlighted gaps and
mis-alignments between assignments and curriculoasg Repeated exposure to
peer review accelerated gains in scientific reagpbeyond that achieved by
academic maturity alone. University science depants are thus encouraged to
incorporate peer review as an effective pedagogitategy that benefits students
without increasing the grading load on instructorse. assist the reader, the results of

this study are concisely summarized in Table 4.15.

Table 4.15 Summary of Achievement Data Results

» Undergraduates (even freshman) were effective andistent peer reviewers
whose feedback produced meaningful improvemeniisah paper quality.

» Peer review of science writing in science classr®actelerated the development
of scientific reasoning skills (p = 0.000).

* The Universal Rubric for Laboratory Reports wasatde independent of
biological subject mater and improved the consistesf scores generated by
graduate teaching assistants.

» A few hours of training on the use of the rubrigpnoves the consistency of
graduate teaching assistants even further. Gradeathing assistants suggested
that such training become part of regular teachsgistant training.

» Greater incorporation of rubric criteria into assigents improves student
performance. Some criteria required explicit instion or students did not
attempt them (e.g. use of controls in experimeaéaign, use of statistics, use of
primary literature).

» Application of a Universal Rubric to assignmentsnaltiple courses is a valuable
tool for detecting gaps in the curriculum as wslidentifying curricular
strengths.

» Greater emphasis on the quality of open-endedemrigedback significantly
improved student performance (p = 0.001) to a laegéent than academic
experience or grade point average.
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CHAPTER 5
RESULTS OF THE SURVEY OF STUDENT PERCEPTIONS

Overview
Student achievement results were presented in €hdptThis chapter

primarily reports the results of an online survéyindergraduate student perceptions
of peer review and its impact on their scientiBasoning skills. As learners’
perceptions of the relevance of an activity tortipersonal life and future success
strongly affects their motivation and performanoérmation on student
perceptions of the purpose and impact of peer wep@vide insight into the student
achievement data. Failure to perceive peer reagwa worthwhile activity could
noticeably detract from student performance of peeiew tasks. If student
achievement is less than anticipated, it is impadrta determine the cause of the
poor performance so that pedagogical revisionseatargeted at the actual cause.
Consequently, the online survey was developeddesassstudent perceptions of the
purpose of peer review in the classroom and ttstiogiship between the classroom
activities and real-world scientific competencids.addition, the survey probed
student perception of the effectiveness of theucsibnal supports for the process in

case further potential improvements were identified

Overview and brief summary of Survey structure

Perceptions of relevance can have significant atgpan motivation and
learning (Bendixen & Hartley, 2003; Mistler-Jacks®rsonger, 2000; Osborne,
Erduran, & Simon, 2004; Van Berkel & Schmidt, 200@onsequently, an
understanding of student perceptions of the pageweprocess would provide
additional insights to improve classroom implem&ata Further, one of the goals
of this curriculum included students developinguaderstanding of the role of peer
review in the science community. While a numbestaflies have suggested
students perceive peer review as a positive edugdtexperience (Haaga, 1993;
Pelaez, 2002; Stefani, 1994), no extensive quaingtaurvey has been published
despite recommendations by previous authors tltdt istiormation would be useful
(Hanrahan and Isaacs 2001). A Survey was thereforstructed to elicit students’

perceptions of the purpose, process and impactef i@view on their learning and
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development as scientists as well as their permepf the role of peer review
within the scientific community.

Students’ anonymous opinions regarding the purpasempact of
peer review were solicited from introductory biojogtudents over the course of two
semesters, corresponding with their first and seé@magements in peer review.
Their responses were overwhelmingly positive. Asalibed in Chapter 3, the
Survey had a high response rate (85.5%) and ca&udour subsections: 1)
statements concerning students understanding @utiposeof peer review (items
A-F in Table 5.1); 2) statements concerning thanlerstanding of thprocessand
mechanics of peer review (items G-O, Table 5.1xt&8)ements concerning the
impactof peer review on students’ papers and futuresasi(Q-AC, Table 5.1); and
4) open-ended questions about the rationale farngsew in the class, the role of
peer review in professional scientists’ work andgastions for change.
Components 1, 2 and 3 were statements to whickestsidesponded on a Likert
scale of 1 to 6 with 1 being “strongly disagreetidbeing “strongly agree.” A
number of items (X-AC, Table 5.1) were also addmdtie spring administration.
The added items probed for greater detail concgmwimat aspects of learning were
affected by the process of peer review. Two itewhdressing any effects of multiple
peer review experience were also added for theg@dministration. Identical
versions of the survey were administered to bothlB101 and 102 in the spring.

The distribution of student responses to each e reviewed. The
responsesslightly agree, agreer strongly agreevere deemed to be positive and
those percentages were summed for each item andedms théo of positive
responses Positive response rates were tabulated sepafatetach course. Given
the small standard deviations amd@ngoositive responses the different courses,
the positive response rates were averaged ovéira# courses for each item and

reported in Table 5.1.
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Table 5.1.Average Percentage of Students’ Positive Respdtagarding the Impact of
Peer Review Across Three Introductory Biology Cesirs

(#) Survey Component Survey ltem  Total # % Positive Responses
responses ave +SD
(1) I understand the Purpose of:
Peer Review in this class (A) 1006 93 +3
Peer Review for Scientists (B) 1003 94 +0
Of Calibration Papers (C) 1004 89 +5
Of Receiving Feedback (D) 1003 93 +3
Of Giving Feedback (E) 998 94 +2
Of Self-assessment (F) 1004 91 +3
Average 1003 92 +3
(2) My teaching assistant provided:
Rationale for in-class use (G) 1001 87 +8
Future usefulness (H) 999 83 +8
Use of Peer Review by Scientists (I) 1000 84 +8
How to use peer review system (J) 993 92 +6
Training forCPRwas adequate (K) 999 84 +10
| was motivated to do Peer Review (P) 1001 65 +5
Average 997 83_+9
Handout readable (L) 993 91 +6
Criteria readable (M) 1000 88 +2
CPR website user friendly (N) 997 86 +1
Time required manageable (O) 996 87 +2
Average 996 88 +2
(3) Peer Review improved my:
Laboratory report (Q) 440 79"
In-class understanding (R) 993 73 +5
Work in other courses (S) 997 75 +7
Writing skills (T) 995 67_+5
Editing skills (U) 998 81 +5
Critical thinking skills (V) 998 71.+5
Research skills (W) 997 69 +5
Average 917 73 +5
Because:
Calibrations were useful (X)  55& 83 +2
Self-assessment was helpful (Y) 558 81 +6
Feedback received was helpful (Z) 559 80 +5
Feedback quality was satisfactory (AA) 557 69 +3
Giving feedback made me think (AB) 557 86 +6
| gave quality feedback to others (AC) 557 95 +2
Average 558 83 +9
Multiple Peer Review Experiences
Peer Review less difficult thé®time (AD) 303 83
Peer Review more useful th& Zime (AE) 303 64

Note. Survey items are abbreviated here (see Appendixesl 8 for further detail). Courses
surveyed were BIOL 101 Fall 2006 and BIOL 101 a@#@ th Spring 2007 (total n = 1026 students).
Ytem Q was asked BIOL 101, Fall 2006 onfjtems X-AE were asked in Spring 2007 onl§312
students in BIOL 102 reported that they particigdtepeer review in BIOL 101 in Fall 2006. Of
these, 303 responded to items AD and AE.
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Sample independence

The total number of respondents over all threesmsiwas 1026, but the
number of responses varied slightly per item asaiaespondents completed all
items (Table 5.1). Variation in sample size amiems was never more than 3% of
the relevant number of respondents however. Oyéhnaltrends were quite similar
for all three courses. Only approximately 26 & shudents (2.5% of the total
sample) enrolled in BIOL 101 in the Spring 07 semgsdentified themselves as
having been enrolled in BIOL 101 in Fall 2006. @é&hundred and three (303) of
the 376 students (80%) who responded to the BIGLSuirvey identified
themselves as having been enrolled in BIOL 10lianker review the previous
semester. As the peer review experiences weradistach semester and only 38%
of the BIOL 102 students remembered having takerStlrvey the previous
semester repeat administration of the survey wargtbre not considered to be an
issue of concern. Sample sizes for items Q ancrdugh AC are approximately
half those reported in other sections because titerss were only included for a

single semester.

All quotes reported in this chapter were collec@adnymously from students
via open-ended text boxes in the Fall 2006 adnmatisin of the Survey. Therefore

attributions are not provided for individual quotes

Study 9:

Undergraduate perceptions of peer review in thesseoom

Student perceptions of the purpadeeer review in the classroom:

Contrary to the anecdotal reports received frordestts who came to the
researcher’s or other instructor’s offices seekiatp, the majority of students
reported that peer review was beneficial and wanitemvhether viewed on a course
basis or cumulative basis (Figure 5.1, Table 5ld)particular, students reported that
they understood the purpose of peer review, bothimvand outside of the classroom
(positive response average for this section ovghide classes = 92%, average n =
1003, Table 5.1). Students generally consideregtocess of peer review to both

improve their coursework and their general crititahking skills. For example:
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After filling [the online survey] out, | realizetidt peer review had
helped me more than | thought. My researchingskiive improved as
well as my thinking skills. | actually paid closteation to the advice
the other students gave me and it was very helpfofrecting my
paper. | believe that peer review thoroughly wonrlgdl and that it

should be used more often.

When students were asked directly “why [they] tHotuge asked them to do
peer review in this class,” more than half (55.604, 444) of students’ responses
were best categorized as perceiving peer revieavmaschanism to improve their
laboratory reports. They specifically identifieelgn review as improving their

writing and editing skills.

| think you asked me to use peer review in ordeleteelop my writing
and editing skills. Peer review was used to helgheother give useful

tips in writing our lab reports.

We did peer review in this class to allow us totbeemistakes in our
first draft and be able to make changes before arelad them in.

Interestingly, 11% of students who believed theanpjurpose of peer review
was to improve their laboratory reports felt treirhing from other people’s

perspectives was the primary mechanism by whichntipeovement happened.

You asked us to use peer review in this class Isecgau wanted us to
get a sense of what other people were writing scawtd add to our

papers and also get a better understanding of lmowrite a lab report.

To view how other[s] interpreted the same expertytenwiden our
knowledge of the experiment, and to observe otlogigsions.

Nearly twenty percent (19.6%, n = 444) of studémtiseved that instructors were
asking them to do peer review because peer reviasvanseful science skill in and

of itself rather then just a means to improve ogeale on a laboratory report.

[You asked us to do peer review in class] to hslpoubegin to

understand the process of peer review that allasensific studies to
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be vetted to prevent shoddy work or bias to slipugh, and to develop

the skills needed for peer review.

Most people in the class are planning to becomensisits or engineers
in a scientific field. It will be useful later, bease we will eventually

have to do peer reviews in our career paths.

We were asked to use peer review in order to helpnderstand the
usefulness of having your peers review your worktaw it has helped

the scientific community.

If we are going to grow up to be research sciestigte will need to

know how to give and take peer review.

This perception of peer review as being a useflilrgevant to a student’s
future in 20% of the class may actually be quiteahte as only 35% of the students
enrolled in the course (and taking the Survey) vderdared biology majors (196 of
562 students). Close to 43% of students enroliectwleclared Pharmacy or
Exercise Science students whose curricula wouldnotide any further biology
courses. If thassumptions made that only biology majors would perceive th
research skills taught in introductory biology ®elevant for a future career as a
scientist, then a large proportion of majors tdak broader view of the purpose of
peer review in the class. As the Surveys were ymons however, there was no
conclusive way to determine if biology majors intpaular perceived peer review as
a broadly useful scientific skill. The remainingagter (24%) of students (n = 444,
Fall 2006) was composed of various miscellaneolisfbe Five percent (5%) of
students believed that the purpose of peer revietlva classroom was to provide
opportunities to learn how to edit writing whileadher four percent (4%) thought it
was to increase their understanding of the assighnméegative comments were
expressed by 2%, miscellaneous comments by 6% %nof dtudents did not
respond to this query.

For the Spring 2007 administration, these operedndsponses were coded
into six categories. The Survey was revised sbdfualents were asked to “select
the top three reasons why we asked you to userpeerv in the classroom. “ Rank

order and percentages of the selections were sibglaveen BIOL 101 and 102 for
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the top three choices. Students clearly beliehat teer review was selected as a
pedagogical tool because of its role in the sdiertommunity (76.5%, n = 558
Table 5.2) as well as to improve laboratory repff%&1%, n = 558). The third
most popular rationale (63.6%) was “to learn ttque scientific work” further
indicating that students viewed peer review asnatianal skill rather than a purely

in-class process (Table 5.2).

Table 5.2Top Three Reasons Why Students Believe They Weard thsUse Peer Review in

the Classroom.

Reason 101 102 Combined
(n=187) (n=371) (n=558)

To receive feedback to improve our 0 . .
laboratory reports. 77.0% 77.1%  77.1%

To learn the importance of the peer review 73 goy 77.9% 76.5%
process in science.

To learn to critique scientific work. 59.4% 65.8%  63.6%

To improve our ability to communicate 40.1% 37.2% 3820
through writing.

To increase comprehension of the laboratory 4 goy 28.0% 32 204
assignment.

To correct grammar and similar mistakes. ~ 8.6% 12.4%  11.1%

Other 0.5% 0.8% 0.7%

Note. Students were asked to select their top threEehoso percentages do not sum to 100%.

Sample size is the number of students who submiggbonses in Spring 2007.
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Student perceptions of the proce$peer review in the classroom:

Students considered the support provided to therarfgaging in the process
of peer review to be effective (average percentdgmsitive responses was 85%, n
=998). For example, student comments includeermstants such as: “My TA's do
a wonderful job explaining how to do CPR proceduvdsy we should find peer
reviews important, and how to scientists use pexgews in real life.” Student
perceptions of teaching assistant explanationsoregal from the Fall to the Spring
semesters becoming more positive and less variglgare 5.1). This was the only
noticeable difference between the three courdahile there were slight wording
changes to improve the clarity of these items (G-&hle 5.1) between
administrations, it is more likely that the improvent was due to the teaching
assistants being more experienced in the springsem Only 4 of 15 teaching
assistants in the spring semester were neatibrated Peer Review (CPR)
compared to 9 of 15 teaching assistants in Fal6Z@dnester. In general, students
reported that they received sufficient explanatod support from their teaching
assistants and that the handouts and other instnatimaterials were useful. When
asked “what changes would you recommend to impp&ex review in this class?”
23.4% of students (n = 444, Fall 2006) said thatmanges were necessary and an

additional 9.5% provided positive comments in thdditional comments” section.

| enjoyed the peer review system because it rballyed me to revise my
paper and fix its weak points. | believe this tsedpful tool (especially

for freshman).

| like the way [peer review] is set up in this ddsecause it is all
annonymous, [sic] so | wouldn't change anythingwbb Plus, it is very

simple to use and give good descriptions for edep. s
| thought it was helpful, so | probably would nbaage much.

The largest proportion of students’ suggestionchange (31.1%) actually
requested increasing student involvement in pegewe(n = 444 students, Fall
2006). The largest single category within thisugrégcomprising 12.4% of the total
444 respondents) wanted more thorough trainingaremalibration papers.
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To improve the peer review systems, | would recardrtieat the idea
behind the assignment be taught thoroughly soghatents do their
reviews and learn from it rather than strictylydsigoing through the

motions and not caring anything away from it.

Changes that | would recommend to improve peeeveim this class
would include providing a more [sic] clearer examplabout primary

literature, and how it should be incorporated ink@ lab assignment.

Another portion of this group (8.3% of the totalnted to improve the
quality/increase the level of detail of the peedigack they received; 6.3% wanted
to make peer review a face-to-face process in ¢tHdt=n to improve accountability)
and 4.1% wanted more opportunities to do review®s oeceive reviews: “| would
like to have more than three opinions on the pathexts| write.”

Considerably fewer students wanted less involvemht peer review.
Slightly more than five percent (5.6% of 444) wahte reduce the time spent of
peer review (“It takes an innane [sic] amount ofdito peer review an entire paper”)
and 4.3% thought that peer review was not necessamyadditional 4.3% wanted
changes to the grading system. The remaining tfisfudents suggested changes
which are not within our control: changes to @ieRwebsite (10.4%) or gave
comments which were too few to form categories erenoff topic (10.1%) or gave
no response at all (10.8%);

One notable low point in the quantitative Surveys\lze degree to which
students felt motivated to engage in the assignmPespite their previously
articulated understanding of the value of peerawyionly slightly more than half
(63%, n = 1001) said that they were motivated toh#oassignment. As no
comparative measure of their motivation to accosmpiny other assignment was
made, this percentage could be quite high relatispeaking (given anecdotally
perceived levels of general student motivation},l&acks sufficient context to be
more fully interpreted. This result was consistaver all three courses (Figure 5.1).

The other notable area of complaint (which was atsamon in anecdotal
reports) was that peers did not provide high quédiedback. Investigation into this
issue indicates that only slightly less than onedtbf students actually (31%, n =

557) felt that the quality of feedback that thegeiged was unsatisfactory (Item AA,
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Table 5.1). It should also be noted that while 3if%tudents felt they received poor
quality feedback, 95% of students reported that grevided high quality feedback
to others (Item AC, Table 5.1) however. As presgiguiscussed, introductory
biology students provided useful feedback, butrdiddo so 100% of the time. Six
of 10 feedback items per reviewer were likely ukaflbest for any given writer (3.7
average plus one standard deviation of 2.6). Apprately one third of feedback
provided by peers was not considered helpful, theseipporting students’
perceptions that the quality of feedback couldrbproved. Given the discrepancy
between 31% reporting that they received unsat@fadeedback, but only 5%
reporting having given lesser quality feedback, s@tudents apparently were not
cognizant or accurate in their assessment of thétgwf the feedback that they
personally provided to others. While there waaidiea perception that the quality
of the feedback could improve, 80% of studentsfeal that, “Other students’
feedback was helpful to me in revising my laborat@ports” (ltem Z, Table 5.1).
The distinction between these two likely lies wttle word “satisfied.” While 80%
of student felt they received some useful feedbatksy perhaps desired a larger

guantity of useful feedback.

Student perceptions of the effetpeer review

Students generally perceived peer review as bamgtioth their laboratory
report and their generalized writing and critidahking abilities. Specifically,
three-quarters of students were quite positive atheudirect effect of peer review
on their writing, editing, research and criticahtting skills, (73%, n = 917, Table
5.1). Improvement in their laboratory report ahéit editing skills received the
highest positive response (79% and 81% respecjively-class understanding, their
work in other courses and generalized writing skilere also positively affected for
67-75% of the students. Most notably, 69%-71%twdents felt that peer review
directly improved their critical thinking and resela skills (ltems V and W, Table

5.1) and provided comments such as:

| think that we were asked to use peer reviewimdlass so that our
critical thinking skills would be enhanced withiretscientific
community. It was also useful in helping us devélefger grades on

the assignment. Reviewing our own work and the wbdthers
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allowed us to see the mistakes that we made, astdkas that we

should not make.

Peer review was used in this class to help peopie g better
understanding of their own writing and their clasges’ writing.
Students had to utilize their writing, editing,t@al thinking, and

research skills; therefore, benefiting greatly frtms exercise.

In the scienticic [sic] community it is very impant to have others
review your paper, and this is why it is instilliedus at such the
beginign to gte others [sic] input to make yourgasch more accurate

and precise.

Peer review helped us understand the process stiehtive to go
through when publishing a report. It also helpedesch each other

and develop our researching skills.

Thus, the majority of students perceived peer me\ds having a positive
impact on both their immediate work as well as Hdevampacts on their scientific
and writing skills. Consequently, it can be coded that students perceive peer

review as a valuable and worthwhile portion of ¢hericulum.

Student perceptions of wpger review was helpful

Students reported the various components of theng@iew process to be
roughly equivalent in their usefulness. The epkampapers (Item X), self-
assessment (Iltem Y) and peer feedback (Item Z) alerated as beneficial by
approximately 80-83% of the students (Table. 5.1).

A small (but notable) percentage of students (7.8%6}e open-ended
responses in Fall 2006 indicating that the prooésggving feedback to others or
viewing others’ work was helpful to them in thewm writing. This effect was
reported both in addition to and instead of, reiogiypeer feedback from others.

Examples of student comments evidencing this opimaclude:

When reviewing other peers work, we would also beenimclined to

think about ours, which would in return help out own paper.
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This was in order to learn by teaching. By readamgl grading other

papers, one can easily see what needs done indivimpaper.

To be able to give feedback to our classmates whehm might give us a

better understanding of what's right or wrong irr @wn papers.

Consequently, these open-ended responses werensaadi@to a Likert scale
item for the Spring 2007 administration (item ABble 5.1). While only 7.5% of
students volunteered that opinion in the fall, wegstematically surveyed 86% of
the 557 students agreed with the statement thab¥fling feedback to other
students helped me in making revisions to my oveoratory report.” These results
support and expand the one other evident repattt@mpact ofgiving feedback
where 33 graduate students rated the value ofwéwieother people’s papers as 7.9
+ 2.3 on a scale of 10 pts (Haaga 1993). The tqtiak data reported here shed
new light on the mechanism behind this effect have\student comments such as
those reported above mention two important fagethis effect. Firstly, giving
feedback appeared to stimulate reflection andesedfuation as evidenced in
comments such as: “when reviewing other peers weekywould also be more
inclined to think about ours.” Secondly, expostr@eers’ work caused students to
compare and contrast among works. This led tauati@n and self-evaluation as
evidenced by responses such as “by commentinghsr students papers and my
own | was able to compare and further understaagtbcess of a lab report” and
“the activity taught you what to look for in a pa@ed how to apply it to your own.”

The self-reflection caused by reviewing other petgppapers was the likely
mechanism by whiclhyiving feedback would be perceived as improving the
reviewer’s own paper. Self-reflection often leéasnetacognition which is an
awareness of one’s own learning process, or maeifggally, the ability to reflect
upon, understand, and control one’s learning (Selarad Dennison 1994). Students
who specifically mentioned the procesgyofing feedback as being beneficial to
their own work have clearly grasped the metacogmigispects of the process. As
indicated by the quotes above, the process of giféedback caused students to
engage in self-evaluation and stimulated metacmmit

Metacognition is a central component of meaninggatning (Wandersee,

Mintzes et al. 1994; Bendixen and Hartley 2003) andmportant professional
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competency for professionals and experts in badnse and teaching (Halonen et
al., 2003; McAlpine & Weston, 2000; Roche & Mar&000; Sluijsmans, Dochy, &
Moerkerke, 1999; Yore, Hand, & Florence, 2004; Zatfbaul, Blumenfeld, &
Krajcik, 2000). Baird and White (1996) define meayful learning as “informed,
purposeful activity to the extent that learnersregentrol over their approach,
progress and outcomes” and indicate four necessamgitions: 1) multiple time
periods devoted to the activity, 2) opportunityeflect (reflection valued as an
explicit activity), 3) guidance or feedback whialceurages reflection and 4)
support in the form of a culture of collaboratiofll four components were present
in the peer review process. For example, the tiora writing the draft to peer
review to revision and final version encompassesrst weeks of class time. The
elements of feedback and self-assessment are isptehs in th€PRprocess. In
addition to the reflection which was apparentlyssdiby the act of giving feedback
to others, reflection is hard to separate fromasfessment. Peer review thus
appears to present a particularly powerful pedagddgool because of its focus on
the higher order skills of comparison, evaluatiod &s ability to generate reflective

thinking.

Student perceptions of the effect of multgaer review experiences

While the proportion of students who felt that pesrew was a positive
experience did not vary noticeably among semediaea|ty involved hypothesized
that as students gained experience with peer revi@ymechanics of the process
might become easier allowing students to focus reffiet on the purpose and
quality of peer feedback. This shift in cognitiead from mechanics to substance
might thereby improve the quality of the feedbanl ¢he usefulness of the whole
process. Therefore, items specifically askinglstis to comment on the impact of
subsequent peer review experiences compared fogheere added to the spring
version of the Survey.

In the Spring 2007 administration of the Surveydsnts were specifically
asked how their prior experience compared to tleeatione. In BIOL 102, most
(80.5% or 303 of 376) students responding to theeuindicated that they had
participated in peer review the previous semesiée remaining 20% were likely
transfer students who brought in credit for BIOL110The BIOL 101 course in

Spring 2007 also reported a few students who s&gl had engaged in peer review
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the previous semester (12.6%, n = 206 respondeM#)en asked specifically about
peer review in biology classes however, this peagmnfell to 8% (queries #35 and
37 both report 14 to 16 of 203 respondents with pasr review experiences in
biology). While it could be expected that studemts failed the course the previous
term might respond differently, the majority of déuts repeating BIOL 101

reported the process was less difficult (65%) andenuseful (61%) the second time
around. In BIOL 102, a larger majority (83%, 863) reported that peer review
was less difficult the second time and 64% felt thevas more useful (Items AD

and AE, Table 5.1). Students were then askedatmoehte on how the'?

experience differed from the first in an open-encksponse.

The majority of students in BIOL 102 (265 of 408pyided some type of
open-ended response to the query: “If you have pesedreview in earlier classes,
please explain the differences between your remethiprevious experience.” The
largest proportion of comments (47%) however eithdmot clearly distinguish
among semesters or reported on logistical diffezsretween the semesters without
indicating how those differences impacted the clify or usefulness of the
experience (e.g. “I did not post my graphs coryedtivas docked points for this.” or
“The paper was more of a challenge to write.”)

Within the relevant comments, positive statementsveighed negative,
usually by at least a 2:1 ratio. The majority @evant responses (71%) indicated
that 2nd experience wassierbecause of increased familiarity and understanding
the mechanics of peer review or iPRwebsite (e.g. “The first experience | didn't
really know how to use it, but I quickly learnedsto work the system. The second
experience was a lot easier because | was familtarthe system.”). Three-quarters
(75%) of the students commented onukefulnes®f the subsequent peer review
experience indicating that the quality of the peeedback had improved, the
student’s understanding of the purpose or prockepser review had improved

and/or the focus on feedback quality was helpkdr example,

This year, we had to comment on every questiomeabdast year we
only commented on a few questions. It was goodrtament on all of

them because it was easier to explain your answer.
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The peer review this semester was more structunddfze responses

came out more helpful because they were more ddtail

| understand about peer review a lot more this starel also received
better feedback this semester.

In earlier classes | was somewhat confused as ti thle reason for
using peer review was but taking it now | realizattpeer review helps

me write better papers and helps me with reseagchiformation.

My previous experience with peer review was thettéd it and |
thought it was ignorant. Since my recent experiehoealize the

importance of peer review.

Better teaching assistant explanations were ated @s improving the
experience in the spring semester. The minorityagfative comments regarding
usefulness cited poor reviewer feedback as themsajarce of frustration (25% of
total comments specifically mentioning usefulné&ss, of the total number of
responses received). Two students did reportrﬂeaafd semester experience was
less useful because all gains to be made fromrtieeps had already occurred in the
first semester: “While | understand how to work pesriew better due to already
using it, | had already found the major faults in writing style in the previous class
as well, and found fewer points of improvement tuthis.”

Students who said that the experience was moreulifthe second time
commonly identified the additional requirement odjgh uploading as the reason or
cited discrepancies in teaching assistant instiastas the major source of difficulty.
BIOL 101 assignments use data in tabular form whenh be imported directly into
the CPRwebsite. For BIOL 102, data types require graphise CPRwebsite does
not allow the uploading of images due to servecspastrictions. So graphs must
be uploaded to the departmental server and linketuident papers by embedding
html code within the student’s laboratory repdrtius, students are not reporting
greater difficulty or frustration with the actuaiogess of peer review, but with a
technical work-around step in the process requisethe software. Poor
communication by teaching assistants is also al@molexternal to the process of

peer review. Thus, the actual process of peeewewppears to become easier as
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students gain experience with the major reportedcss of increased difficulty
being technical or instructor-based in nature.

Thus, the benefits of peer review likely increasestdents gain experience.
Students clearly indicate that the basic mechasfitise peer review process are
easier in subsequent experiences due to increaseliafrity with procedures and
expectations. Students also clearly reportedttiigatuality of the feedback in the
second semester was better than in the first peeew experience. Given the
differences in the structure and emphasis of tHevl0 102 assignments described
earlier however this sample cannot not distingbistween improvements in
feedback quality due directly to greater studemeeience from gains in quality due

to the 102 assignment’s focus on feedback quality.

Summary of results for Study 9: Undergraduate pairoas of peer review in the
classroom

Students perceived peer review as a worthwhileiacthoth because of its
positive effect on their classroom work and becdheg viewed it as a personally
relevant skill for developing scientists. Namedpproximately three quarters of
students surveyed reported that peer review imgrdveir laboratory report and in-
class understanding of the experiment as well ageod. They also believed that
peer review improved their writing, editing andntking skills and would benefit
them in the future in other courses. More thanedhearters of students also
specifically reported that peer review improvedrthesearch and critical thinking
skills and many elaborated on the benefits of pedew to their scientific reasoning
skills in their open-ended written responses. Nigte86% of students reported that
the act ofgivingfeedback was helpful. Written comments detailed this
beneficial effects was because reviewing otheresttisl work required comparison
and evaluation and thereby stimulated self-reftectiThus, peer review appeared to
stimulate metacognition and meaningful learningemreview was considered to be
an effective pedagogical tool by the students.

For students who had engaged in multiple peer weeigeriences, frustrations
with peer review seemed to decline with repeatgubsure. Students attributed the
decline in frustration to having gained familiarityth the mechanisms and
procedures and because their attention was shdtptbviding more substantial and
useful feedback (“It was the same, except they wewee strict on whether or not
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you give genuine feedback to other papers.”) Rigpgleaxposure to evaluative tasks
was also perceived by students as improving thigical thinking skills, particularly
as they pertained to scientific reasoning and degpoor quality scientific work.

This section is perhaps best summarized by onestisdcomment:

Peer review was used in this class to help peopile g better
understanding of their own writing and their clasges’ writing.
Students had to utilize their writing, editing,teral thinking, and
research skills; therefore, benefitting [sic] greatrom this exercise.

Study 10:

Undergraduate perceptions of the role of peer ravim the scientific community

One of the major reasons for choosing peer redgwa pedagogical tool was
its corresponding use in the scientific communiBonsequently, student
understanding of that connection was probed by ba#ntitative Survey items and
open-ended responses. Ninety-four (94%, n = 1608)udents reported that they
understood the role of peer review in the sciemtbmmunity and 84% (n = 1000)
indicated that their teaching assistant’s explamatif the role of peer review in
science was effective. Many of the open-endedoresgs on the purpose of peer
review in the classroom reported in the previowsige already indicated that
students understood the real-world significancpesr review by citing it as
scientific skill that they needed to learn in orttebe functioning scientists.

When asked specifically how they thought sciestisted peer review in their
own work, students’ open-ended responses from2086 (n = 444) were divided
approximately equally among the following categsri&tudents believed that

scientists use peer review:

1) to improve work/correct mistakes in general §24),

Real scientist use peer review as a source ottt of their papers.
Every time their work is published in a journaligtthere for the whole

scientific community to criticize.
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| would think that multiple scientists check ovacte others work to
make sure there are no errors because otherwiselhee problems

with what they are trying to accomplish.

2) to ensure accuracy of results and receive appavmethods, findings,

conclusions (22.5%),

Real scientists probably use peer review as a nietihhonake sure all
there work is correct and understandable. Alsoytb@unt on having
fellow scientists to tell them the truth about thveork (whether it is valid

or not, etc).

Peer review will help scientists to find and oveneobias and mistakes
they cannot see themselves, to improve studiesraude that the

conclusions drawn are valid.

3) to receive feedback and gain new insights/petspes from others (20.5%).

| think scientist look at each other's work ande@sh to learn and
better th[eir] work. One person might have ideagl®ories that could
leave [sic] to new discoveries and more knowle@&peentists tend to
build on each other's work to forward their procses [sic] of finding

out unsolved questions.

They let other scientist read what they have domeget feedback,
which lets them know what could be done bettenéxt time. With peer
review, there are many more ideas that will be useatkevelopment of
the paper and possibly lead to new discoverys [syclising the
feedback.

Less common reasons as to why students thoughitistseuse peer review
were: to improve writing/readability (11.7%), aseguirement for publishing
(4.1%), and to encourage replication of their W@tk %). Other reasons (mostly
statements that peer review is just how sciendem without explanation or
rationale) comprised 5.9% of the total sample ad&oSof students were

unresponsive to this item.
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As with student perceptions of the use of peerengvi the classroom, these
open-ended responses were coded and transfornoednintem that asked students
to “select the top three reasons why you believensists use peer review.” When
this item was administered in the Spring of 200@, fresults were similar to the
open-ended responses. Receiving feedback/pengpéaim others and having
one’s work evaluated/validated were the most comourtrete reasons students

selected for why scientists use peer review (T&l8g

Table 5.3Top Three Reasons Why Students Believe SciersesRagr Review

BIOL101 BIOL102 Combined

Reason (n=187) (n=371) (n=558)

To receive feedback for new opinions, 82.4% 77.9% 79.4%
perspectives, and insights.

To allow others to evaluate the accuracy of 74.3% 75.7% 75.2%
their work.

To allow others to evaluate the credibility of 62.6% 70.1% 67.6%
their work.

To improve the quality of their writing. 32.1% 290 28.7%
To correct mistakes in their writing. 28.3% 21.8% 24.0%
To allow others to try to replicate their results. 13.9% 14.0% 12.9%
As a requirement for publication. 5.9% 12.4% 11.3%
Other 0.0% 0.8% 0.5%

Note. Students were asked to select their top threEehoso percentages do not sum to 100%.

Sample size is the number of students who submigtggonses to this query in Spring 2007.

Comparisons between the classroom and the sceotfnmunity
Interestingly, students often attributed the saalaes to peer review in the

scientific community as in the classroom.

| believe real scientists use peer review for mafnyre same reasons
that our lab class did, but on a deeper level. Stsés probably have
other scientists review their work, not just foagmmar and content, but
perhaps another scientist has more current/updatéatmation that
could be added. Regardless, it is a good way ferpm their own field

of work to critique reports.
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Real scientists use peer review because of maspnsaOther scientists
might know more facts or details about anotherrsts#s paper. Some
may know how to rephrase paragraphs for better tstdading. Some
may know a lot about the subject of the paper amdlide to help critic
it. There are many reasons why real scientistspese review for their

work, but the most definite answer is to make thapers better.

When compared across similar venues (open-endpdnsss or quantitative
Survey items), students often perceived the funstend values of peer review to be

similar in the classroom and for practicing sciststiTable 5.4).

Table 5.4Comparison of Students’ Perceptions of the FunstainPeer Review in

the Classroom and in the Scientific Community

Function Open-ended responses Select the Top 3 Items
Fall 2006 (n = 444) Spring 2007 (n = 558)

classroom scientific  classroom scientific
To gain feedback (perspective/
insights) from peers to 42.6 42.3 77.1 79.4
improve the quality of work

To allow public evaluation/ .
critique of the quality of 22.5 63.6 75.2167.6
scientific work

To learn peer review as a 19.6 n/a 76.5 n/a
valuable future skill
To improve the quality of 11.9 11.7 38.2  28.7/24.0

written communication.

To correct grammatical or
similar mistakes in the 11.1 24.0
writing

To improve own work by

giving feedback or to 12.0 n/a n/a
improve own editing skills

Issues specific to only one 3.6 8.2 322
context
Other/no response 10.3 14.0 0.7 0.5

Note. Samples sizes are the number of respondents.bdhsmare the percentages of respondents
who expressed this opinion. Note “select top 8 sum to 300% rather than 100% as students
selected 3 choices. Some categories in the opdedaesponses were collapsed for clarity and better
correspondence with quantitative Survey iterfighis item focused on students “learning hiow

critique scientific work” rather than the act otwaally critiquing it. °The first number refers to
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evaluation of the accuracy of scientific work ahd second to the evaluation of the credibility of
scientific work.

Students viewed peer review as improving the qualita person’s work,
whether a laboratory report or a publishable manpisas well as simply improving
the quality of a person’s writing. Students bediévthat scientists benefit from the
perspectives of others just as they reported begt themselves benefited. They also
viewed peer review as serving an important functibquality control in the
scientific community and viewed the classroom pegrew process as teaching the
same evaluative skills as used by practicing sisent

Differences existed in that some students citechttef giving feedback as
improving their own work through reflection, butgltoncept was not mentioned for
scientists at large.

It should be noted that the frequencies of the apeted responses should not
be construed as a definitive basis for comparison thus no comparative statistics
were performed). Many student responses contametiple concepts and many
students likely held conceptions that they simpdiyribt articulate in response to the
single query item. Responses were categorizetidprimary thrust of the
comment even if other concepts were mentionedth&existence of a body of
comments on a topic should be taken as evidentét isamportant enough to a
notable number of students for them to mentiohut,it shouldnot be assumed that
the concept was absent in an inverse proportigtuafents. Evidence of this
multiple views per student can be found in theediffg proportions that exist when
students were asked to discuss just the primaspregpen-ended query) for peer
review vs. when they were asked to select thehtogetfunctions (quantitative
Survey item). For example, “to increase compreloemsf the laboratory
assignment” was the reason given only 3.6% ofithe in open-ended responses,
but selected as a top three reason 32.2% of tleeitirthe quantitative Survey items
(Table 5.2).

Summary of results for Study 10: Students’ peroaptof the role of peer review in
the scientific community
Students largely believed that peer review provicheshy of the same

benefits to practicing scientists as it did to thei@tudents reported they believed
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that scientists use peer review to improve theityuad their work as reviewers help
them to find conceptual and factual mistakes, shemights and provide new
perspectives. They also responded that a majatibmof peer review was to

ensure the accuracy and credibility of researathitfigs; that peer review functioned
as a gate keeper for quality assurance. Lastlg|lgrarcentages of students believed
that functions of peer review included improvinglty and readability of

scientists’ writing, to stimulate others to reséaircthe same area and as a plainly
pragmatic requirement for publication.

A major finding of the previous study was that smt$ found peer review to
be equally beneficial to the reviewer as the wriggrorting that the act of evaluating
someone else’s paper caused beneficial self-refteeind self-evaluation.
Surprisingly, this major benefit of peer review vadssent from students’ perceptions
of the role of peer review in the practicing scienicommunity. Students appeared
to view themselves as being on a learning curvecéted peer review as an
opportunity to improve their critical thinking skél Perhaps because of this
perspective, they assumed that practicing scisrigste already culminated in the
development of their critical thinking skills and such corresponding cognitive

stimulation of the reviewer would occur.

Summary of students’ perceptions of peer review

Students reported that peer review was benefititdde classroom both for
the immediate benefit of improving their lab regaas well for helping them to
improve their critical thinking, research and wigiskills more broadly. They found
both the processes of giving and receiving feedbadle educative and reported that
this experience of peer review would benefit tharfuture classes as well.
Students also believed that peer review was a bbdyaocess in the scientific
community and helped to maintain the integrityre scientific process. They
reported that engaging in peer review in theseselasvould help further their

development as scientific researchers.
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CHAPTER 6
CONCLUSIONS AND RECOMMENDATIONS

Summary of the study context and problem statement

Engagement in authentic scientific practices saghcientific reasoning and
scientific writing are common goals for sciencerimula, particularly in higher
education. The curriculum goals for the Departnoériological Sciences at the
University of South Carolina detail these and othhesired skills to be developed in
biology major students (see Appendix 1). Depanti@ecurriculum review
indicated, however, that students had insufficagortunities to develop these
skills to the desired levels necessitating sommfof curriculum reform. A rich and
varied literature exists detailing the benefitenfjaging students in authentic
scientific research as part of their coursework tednecessity of providing
individualised formative feedback in order for meaful learning to occur. Such
instructional methods can be challenging to enaatdver in large courses at
research-active universities given the limited tawvailable to accomplish the
multiple missions of external funding, researchhlpation and teaching. Thus, this
research investigated peer review as a potentieharesm for accomplishing both
goals simultaneously without undue burden on te&uctor. Peer review is a
required competency of practicing scientists, alé agea potential means of
increasing student learning, reasoning and wriskits.

This chapter provides a brief review of the th&éoat support for peer review
as a pedagogy generated in Chapter 2 as well asghks reported in Chapters 4
and 5. The findings are discussed in each suleseciihe chapter concludes with an
overall summary and compilation of recommendatfondiow to best implement

peer review and provide the greatest opportunitiestudent growth.
Results of literature review and significance ofdtstudy

Past educational research literature and the duspamal climate within the
scientific community suggest that the use of peetemw to develop students’
scientific reasoning skills may simultaneously @eaene the challenges of limited
time but desire for substantial development of seay) skills. A few studies have

demonstrated peer review to be an effective pedeglostrategy for learning science
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content(Birk & Kurtz, 1999; Crouch & Mazur, 2001; Pela@f02). More
importantly, while no direct investigation of thieet of peer review oscientific
reasoninghas been made, peer review contains many elerdentenstrated to be
effective pedagogical strategies for developmerstuch skills: peer-peer
collaboration (Committee on Undergraduate Biologh&ation, 2003; Crouch &
Mazur, 2001; Schwartz, Lederman, & Crawford, 20@distained practice (Ericsson
and Charness, 1994), formative feedback (Schunraddrson 1999) particularly
in higher education (Yorke, 2003), multiple contirag examples (Bransford, Brown
et al. 2000), and extensive writing (Connally & afifli, 1989; Hand, Hohenshell, &
Prain, 2004; Keys, 1999). Meta-analyses have éurtbncluded that all these
strategies notably improve student achievementasalby in combination
(Schroeder, Scott, Tolson, Huang, & Lee, 2007).

Peer review may also accelerate the developmestientific reasoning and
writing compared to other methods due to the sdlection and self-evaluation it
causes as awareness of one’s own learning proasdselen shown to improve
learning (Duit & Confrey, 1996; Posner, Strike, H®n, & Gertzog, 1982; Zohar,
1996). Further, peer review also provides a sd¥feld increase in the number of
opportunities students have to practice evaluatkis while providing three times
the formative feedback. These increases in timé&ask and formative feedback are
further accelerants for the development of scientéasoning skills (Ericsson and
Charness 1994). Peer review, while little studirethe classroom, therefore shows
great promise as a highly effective pedagogicalegy for improving student
scientific reasoning skills. Investigation of itspacts will thereby provide useful

and novel findings as well as hopefully stimulatedvation in higher education.
Summary of the components of the study

The focus of this study was to evaluate the effeness of peer review as a
mechanism for accelerating students’ scientifisoaeng and writing abilities
without significantly increasing the time burdenfaoulty. In addition, the tools
and data sources developed for this study alsagedvongitudinal and cross-
sectional windows into the effectiveness of thddgyg curriculum over the course of
students’ undergraduate careers. The effect ofne@eew on scientific reasoning

was assessed using three major data sources: spet&armance on written lab
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reports, student performance oBa@entific Reasoning Tedtawson, 1978; Lawson
et al., 2000) and a Survey of student perceptidtiseoroles of peer review in the
classroom and the practicing scientific communit§yeasuring the development of
students’ scientific reasoning skills is challergginAs scientific reasoning develops
over at least a period of several years, measureinels independent of assignment
and course are necessary to track students’ latigaliprogress. No suitable metric
was found in the research literature so an instnimas developed (Universal
Rubric for Laboratory Reports).

Review of published research evaluating scientéasoning in students
yielded support for most of the 15 criteria comipigsthe Universal Rubric (refer to
Table 2.1 for details) with the remaining critemgzeiving support from professional
peer review priorities. Four criteria had supgaytn both published rubrics or lists
of criteria as well as professional peer reviémroduction provides appropriate
context, Experimental Design, Primary LiteratamedWriting Quality). Several
criteria were explicitly mentioned in science eduaraheuristics, but not in
professional peer reviewypotheses are Testable, Hypotheses have Sciandfit;
Data selection and presentation, Statistics acaieatd appropriate, Conclusions
based on data.imitations appropriately discusspdn addition, review of research
on professional peer review indicated that theedatofsignificanceand
methodologyvere consensus priorities (refer to Table 2.2xhbuld be noted that
the professional peer review criteria cited heeeraot a comprehensive
representation of the values held by professiogferees, but merely the relevant
common threads across multiple journals. Marshadtl(1989) determined 21
different criteria to have been employed by thegssional referees in their study (n
= 415 reviewers), but found that variation in refs recommendations as to whether
a manuscript should be published or not convergejdist four of those 21 criteria
(significance, appropriate to journal’s readershipde, quality of methodologynd
writing quality) two of were relevant for undergraduate laborateports
(significanceandmethodology The criteria developed for the Universal Ruloic
Laboratory Reports thus are supported by researtteifield of science education
and the scientific community at large. The UniegiRubric for Laboratory Reports
was reliability tested using biology graduate stidas raters and three separate
course assignments. An overview of the researcigl@sd the relationships among
data sources are provided in a reproduction ofreidu2 and Table 6.1.
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Table 6.1.Brief Summary of Data Sources and Methodolodithils for Each Study.

Study BIOL Course, term

Data type Sample size

1: Consistency and effectiveness of

) 102, Fall 2004

undergraduate peer reviewers
2: Reliability of the Universal Rubric 101, Fall 2004
as a metric for determining laboratory 102, Fall 2004
report quality in this population 301, Fall 2005

3: Reliability of Scientific Reasoning Fall 2005: 101, 102,
Test (SRT)n this population 301L, 302L and 530,
Spring 2005: 102
4: Student scientific reasoning skills in

laboratory reports (cross-sectional) ~ Same as Study 2

5: Student scientific reasoning skills in
laboratory reports (longitudinal) 101, 102 and 301L,
Fall 2004 to Spring

2007

3GqT

6: Reliability of graduate teaching

assistants under natural conditions ~Same as Study 2

7: Relationship betweeBRTscores
and peer review experience

Fall 2005 sample
from Study 3

8: Graduate teaching assistants’

perceptions of the Universal Rubric n/a

9: Student perceptions of the peer 101 Fall 06 and

review process in the classroom  SPring 0270?01702 Spring

10: Student perceptions of peer review Same as Study 9

in the scientific community

n = 308 students

Number of students who complete peer review process )
n = 335 reviews of 119 papers

Time per review, numerical ratings of draft papers
Changes to laboratory reports as a result of meew

101 n = 49 papers (genetics)
102 n = 45 papers (evolution)
301 n = 48 papers (ecology)

Laboratory reports scored bytrainedraters for each course (n
= 9 raters total). Raters were biology graduadehing
assistants who received 5 hours of training asqgdatte study.

Fall 2005 coursesSRTscores from enrolled biology majors
Spring 2005SRTscores from all students enrolled

Fall 2005 n = 548 students
Spring 2005 n = 303 students

Same as Study 2 using the average of the trainedseores per

student Same as Study 2

Laboratory reports from various terms to form |dndinal
portfolios for individual students. Includes papfosn Study 2
where possible (using the average of the traingst szores).
Papers from additional terms scored by an indepdrrdéer.

n = 17 students

Same papers as Study 2 using similaural raters not

explicitly trained as part of this investigation%r8 raters total) Same as Study 2

Students who reported the their previous peer vevie
experiences and who had not failed the class medqus
semester

Subset of Study 3 Fall 2005 data
n = 389 students

Trained raters (biology graduate students) f&ndy 2 n = 9 raters

All enrolled students who responded to anonymolis®n _
n = 1026 students
survey offered near the end of each semester

Same as Study 9 Same as Study 9

n = 22 students’ draft and final papers



Summary of results of each study and discussion

This section contains a brief recapitulation @& thajor findings from each
study reported in Chapters 4 and 5 followed bysaulision of the implications of
these results. Corresponding recommendationsdarpeer review could best be

implemented at other institutions are provided.

Consistency and effectiveness of undergraduaterpgsmwers (Study 1)

Past studies have reported student concerns regatd ability of peers to
provide productive feedback (Hanrahan and Isaa0%)20T he results of this study
and others indicate that those concerns are unézlindnvestigation of introductory
biology students’ peer review experiences demotestrdnat they were capable of
engaging in peer review, produced useful feedbackhkeir peers and that the
process was a reasonable time commitment for andactory level course
assignment (average of 32.4.4.3 minutes per review including time to read the
paper). Peer reviewers were reasonably consiGeatage standard deviation in
scores among reviewers of a single paper equivadel®% of the total score) and to
provided an average of 3.72t6 pieces of useful feedback per review. Eagtesit
was thus provided with an average of ten usefugsef feedback across the three
reviewers. Peer feedback was identified as usefii by an external rater and
because it produced increases in laboratory repadity. Therefore, even
freshman were productive peer reviewers and ingireshould not let concerns
about ability deter themselves or their studerdmfpeer review. It should be noted
that there is room for improvement however, in {hedtrs may learn to provide a
greater number of useful comments per as theyeaygrrience.

Similarly, Cho, Schunn and Charney (2006) found their undergraduate
peer reviewers produced an average of approxignatdirective (i.e. useful) idea
units per writer. Their students possessed arageensf 3.4 years of college however
compared with introductory biology students who evéliree-quarters freshman. It
therefore appears that this rate of helpful commsenindicative of beginning peer
reviewers rather than academic age. Again, trecefieness of peer reviewers is
therefore likely to increase as students gain e@pee. Additionally, Cho and
colleagues demonstrated that when students weredalito the source of feedback,

they rated peer feedback as equally helpful congprénstructor feedback (no
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significant difference based on expertise sourc®AN F (1, 45) = .86p = 0.36)
or criterion (F (2, 90) = .9 = .38), and no interaction between expertise surc
and criterion score, F (2, 90) = .9+ .51) (Cho, Schunn et al. 2006). Thus,
students’ concern that peers are not effectiveeresis appears to be unfounded.
The final determinant of the usefulness of peedifeek is its effect on student
writing however.

Qualitative investigation of a subset of students2@ writers) indicated that
when writers incorporated peer feedback into theal laboratory reports on
evolution those reports improved in quality. Facle individual piece of peer
feedback incorporated, final paper score increagettiree percent (3%). The
average overall gain in score as a result of pestifack was 28% of the points
earned on the rough draft. Peer feedback prigneaised gains in both scientific
reasoning (here the consideration of alternatiygamations) and content knowledge
regarding the mechanisms of evolution. As thesalt® were generated by peer
reviewers in introductory biology (mostly freshmait)s plausible therefore that
both students’ capabilities as reviewers and tmetits of peer feedback would

improve with greater peer review experience.

Reliability of the Universal Rubric for determinitegporatory report quality in this
population (Study 2)

A Universal Rubric for Lab Reports was developedtf@ purpose of
assessing student abilities over time and acrodsphelbiology courses, though it
may also have utility in other scientific discigs The rubric has 15 criteria
organized around the standard format of scierpdipers. The reliability of the
rubric as a measurement tool was assessed usiegadjeability analysisd) and
three unique raters for each of three separatgrassints generated in three distinct
biology courses. Total scores generated by theaelach had a reliability score of
g = 0.85 in these three independent tests (n = 49 &tudent papers per test, see
Table 4.2) indicating that 85% of the variatiorsgores was due to variation in the
quality of student papers and only 15% of the \temawas due to rater error or
interaction factors. Thus, as reliability didk vary based on assignment, the
Rubric appeared to be independent of biologicajesularea as well as a reliable
overall measure of student scientific reasoningjtads as defined by the Rubric

criteria.
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The reliability of individual criteria varied fromg = 0.16 to 0.94, though not in
any predictable pattern by subject matter. thé&efore recommended that
instructors include multiple criteria per assigntnamd not heavily weight any single
criterion score. As indicated above, total scarag multiple criteria were
uniformly reliable however at thgg= 0.85 level. The variation in the reliability of
some individual criteria did appear to be basedéwaw on the degree to which those
tasks were included in the assignment. For exantpé use omethodological
controlsor the reporting of methodology at all, tthscussion of the limitationsf
the research, or the usestétisticsall appeared to require explicit delineation ia th
assignment or else student performance was altseotdbly low. In contrast, one
criterion appeared to be innate (e.g. thgiotheses must have scientific mentthat
reliable scores were produced for this criterioroas all three courses even though
that criterion was absent from all three assignsent

This variation in performance by rubric criteriomynsuggest variation in the
ease with which students acquire various scienifacess and reasoning skills.
Some skills may be easier for students to learnsante criteria (such d&ypotheses
must have scientific meyiappear to be obvious to students while othefsskilch as
the inclusion otontrolsin experimental design, the usestétisticsand
consideration ofimitations of the research appear to require more expliat an
focused instruction. It is recommended that irgbrs identify the curricular goals
of interest and the criteria by which they will rsaee student performanpeior to
the development of the assignment and that albp@idnce criteria of interest to the
instructor be explicitly included in the writtensegnment provided to students.
Further, how well instructional supports align watlrriculum goals must be
considered as a context for interpreting studerfop@ance scores. In other words,
if assignments do not ask students to perform uarszientific skills, students are
neither likely to develop those skills over timea s0ore well on those criteria when
assessed at the end of their program. These §iadinther suggest that
communication and coordination among faculty taueashat curriculum goals are
included in course assignments and that expectafarstudent performance
increase at appropriate junctures would make aietéifference in student
performance and the achievement of departmentatalum goals. Thus, student
achievement trends, the details of assignmentsmatburses and programmatic
curricular assessment were more closely linked gramiously appreciated.
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Student achievement of scientific reasoning sikillaboratory reports as a result of
peer review: Cross-sectional (Study 4) and Longjitadviews (Study 5)

Cross-sectional student performance on writterréglorts across multiple
biology courses was assessed using the Univerdaidior Lab Reports. Student
performance varied by criterion type and assignneemphases as described above.
Performance was higher when assignments focusgeens providing substantive
and useful feedback, when reviewers were held atable for the quality of their
feedback and when assignments were more closelyealiwith the Rubric criteria.
Further, performance declined significantly wheempeview did not occur, even
though the students in the non-peer review clagSI(BBO1L Fall 2005) had greater
academic experience (91 vs. < 30 credit hours enage) and higher grade point
averages (3.14 vs. 2.71 USC GPA). The distincimong student performance in
these different classes was significant for 1zhef15 criteria (ANOVAp < 0.001,
n= 142 students total) with introductory biologypdaatory reports which had
undergone peer review consistently outscoring ticoflected from a sophomore
level (301) course. Thus, peer review elevatedjtiadity of introductory biology
laboratory reports to a greater degree than didra¢years of academic experience
(refer to Figure 4.3 for more detail).

Longitudinal views using portfolios of individuaiuslent performance over
time show no significant trend in total score (h~students). In-depth-analysis
indicated highly variable trajectories in studeatfprmance suggesting that
seventeen students were an insufficient samplméking definitive conclusions

regarding longitudinal performance.

Reliability of scores given by graduate teachingistants under natural conditions
(Study 6)

Raters who participated in the reliability studyrevéiology graduate
teaching assistants who had received five houexjlicit training on how to use the
Universal Rubric for Lab Reports. A second pataéet was conducted using the
same student papers but a different setadfiral science graduate teaching assistants
who didnotreceive the five hours training as part of thételity study. It should
be noted that as part of the development procedbdédrubric, its criteria were
piloted in introductory biology courses for somemnher of semesters prior to the
reliability study. Thusall raters had some experience with the rubric ashiaeyall
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taught at least one semester in introductory bioktgsome point in the past, but the
natural raters lacked the explicit 5 hrs of traghon the rubric immediately prior to
scoring. These natural raters were provided vhighsame level of support that
teaching assistants typically receive when teactahgratory sections. To the
author’s knowledge, no other rigorous, controllgdleation of the grading
consistency of graduate teaching assistants haseea made, despite their
ubiquity as instructors in higher education.

Natural raters (e.g. teaching assistants) weratdfigess consistent than
raters who had received five hours of trainingdltstore reliability oy = 0.76 to
0.80 for groups of three natural raters compareg=td.85 for comparable groups of
three trained raters), but their reliability scovnesre still well within or above
reliabilities found in the published literature fmymparable rubrics (see Table 4.3).
Five hours of training did noticeably reduce theait#on in reliability as well as
elevate reliability scores across individual cidgisee Figure 4.8) so it is
recommended that graduate students receive atdeastxplicit training session on
scoring laboratory reports. It is unlikely thabsh educational institutions will be
able to provide three raters per student paper emvel he corresponding expected
reliability of a single graduate teaching assistarthis situation was calculated to be
g = 0.65 to 0.66 across the three courses investigathis means that the majority
(65-66%) of the variation in student scores wouddaliributable to variations in the
quality of student work. This result compares iaably with published reliabilities
of trained raters (refer again to Table 4.3 foratge detail) and notably exceeds the
reliability of graduate teaching assistants rembltg Kelly and Takao (2002). Thus,
while ideally 100% of the variation in grades asgig to students would be due to
variation in the quality of student work, this réss not achievable even in a
research setting with multiple raters. Thus, &tre@ngly advocated that pedagogical
support the provided to graduate teaching asssstarthis program be continued as
the existing use of rubrics has produced a levetldbility akin to that produced in
research settings.

Natural teaching assistants were twice as len®itagned raters however
producing average total scores nearly twice as (288 +5.0 points per paper
compared to 11.7 2.0 for trained raters (refer to Table 4.14). sTleniency
appeared to originate in the disparate expectabbgsading vs. scoring. Natural
teaching assistants were likely thinking from adgng perspective rather than a
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scoring perspective. When grading, expectatioruafent performance are scaled
to a relative level appropriate for the course cdntrast, the trained raters were
using an absolute scale for which novice studemd to score in the bottom 30%.
This discrepancy is therefore appropriate. Theicihus appears to improve
consistency in both scoring and grading by teachsxgistants and is recommended
for both pedagogical and research use in biologiealses. It should be noted
however, that this comparison demonstrates thalegrare not an appropriate proxy
for longitudinal scores. Grades are scaled redatvindividual course expectations
whereas scores must be assigned on an absoluteirscatler to note progress over
time.

The departmental policy of requiring graduate stisiéo begin their
teaching experience in the introductory biologyrseuwith pedagogical support and
rubric-based assignments appears to have notahgtedd the performance of
biology teaching assistants. Namely, departmeatalhing assistants produced
reliability scores comparable to those publishetheliterature using trained raters
and well above those published for professionat pegew (compare 3 ratey =
0.76 to 0.85 to Table 4.3). The only other coraplr assessment indicated no
correlation among the scores generated by teadssigtants or between teaching
assistants and/or the instructors and/or trainentg€Kelly and Takao 2002).
Specifically, Kelly and Takao (2002) compared the scores givethise graduate
teaching assistants grading oceanography laboregports using a rubric and found
significant differences among the total scores g each teaching assistant
(ANOVA, Fratio = 4.6;p< 0.022). There was also little correspondence irtikea
rankings when total scores given by the graduatehiag assistants, the faculty
instructor for the course and two trained raterssvg®mpared (Kelly and Takao
2002). The two trained raters were highly cotedlavith each other = 0.80), but
no correspondence existed between their relativiemgs of merit and those of the
instructor or graduate teaching assistants (Kelty Bakao 2002). The comparably
high level of reliability produced by our gradus@ching assistants, regardless of
training, was therefore quite notable.

As this benchmark study took place in a comparaldgd university with a
high quality graduate program (University of Califa Santa Barbara), this author
suggests that the difference in reliability betwé#sse two populations of graduate
teaching assistants was likely due to the embetidedng provided in the
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Introductory Biology courses at the University aiugh Carolina. All biology
graduate teaching assist assistants at USC aragsgned to teach in Introductory
Biology as their first teaching experience. There, all raters used in these studies
had past generalized training and experience iniskeeof the Universal Rubric
criteria as well as generalized pedagogical sudpottsed on fairness and
consistency when assigning grades. Thus, thisrelsesuggests that the Universal
Rubric, when combined with training on its use, Ioyes consistency in scoring to a
notable degree. This research does not providendoymation on the effect of the
Rubric in the absence of training as even the ahtaters had significant past
experience with using this Rubric. As five houfsraining did produce visible
improvements in reliability (Figure 4.8, Table 4)12 is recommended that new
adoptions of the Rubric begin with a similar tragiusing exemplars and discussion

of discrepancies in interpretation.

Graduate teaching assistants perceptions of th&ulreess of the Universal Rubric
and the corresponding training on its use (Study 8)

A brief exit survey was given to the nine biologyduate students who
participated in the five-hour training on the Unis@ Rubric as part of Study 2.
They reported that the Rubric facilitated scoriygcltarifying expectations and
benchmarks for the different performance levelsaddate students recommended
that training on the use of the Universal Rubriowt be provided to all teaching
assistants in the biology department. Graduatiestis suggested that any such
training should include the use of exemplar papaifswed by discussion of
discrepant scores until all teaching assistantshreansensus as to how the criteria

should be applied to student work.

Reliability of theScientific Reasoning Test (SRiR) this population (Study 3) and
the relationship between performance on$#f&T and the extent of students’ peer
review experiences (Study 7)

The Scientific Reasoning Testas found to be more reliable in this
population (KR20 = 0.83 to 0.85) than was repoftedther undergraduate biology
populations whose reliability scores ranged frmm 0.55 (Lawson, Baker et al.
1993) to KR20 = 0.79 (Lawson, Banks et al. 200&g (§able 2.3 for more details).
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Additionally, the group mean scores were all midg® (5-6 points on a scale of 12)
indicating that thé&SRTtargeted an appropriate level of difficulty forgipopulation.

The Scientific Reasoning Tegses mostly non-biological contexts for its
guestions and scenarios. As performance usuatiyheés when students are asked
to apply reasoning strategies learned in the aassito new contexts (Zimmerman
2000), the scientific reasoning strategies leaindte biology classroom were
unlikely to be fully transferred to situations &ty theScientific Reasoning Test.
The SRTtherefore serves as conservative measure of gastadent reasoning due
to peer review experience.

A cross-section of biology majors from five diffatecourses (freshman to
senior year, n = 389 students) was tested wittSthentific Reasoning Teas a
means of distinguishing between the effect of peeiew over multiple courses and
the effect of increasing academic experiences §{5i)id Student scores varied
significantly when sorted by academic maturity dtatredit hours) (ANOVAp =
0.011 n = 387). When sorted by number of peeexewdxperiences however, the
average scores of students with no peer reviewpoh&o experiences were more
significantly different p = 0.000) than when sorted by credit hours (detdils
ANOVA results in Tables 4.9 to 4.12). Additionalthe largest gains among groups
were found when students were categorized by ge&w experiences than by
credit hours. The largest group average overadl produced by students with two
peer review experiences (refer to Figures 4.5 4n sum, engaging in peer
review in two different (freshman) courses produaddgher average score than did
120 credit hours of collegiate coursework or 9@rkeours of coursework at this
institution in particular. Peer review thus seertedccelerate the development of

students’ scientific reasoning abilities.

Student perceptions of peer review in the classr{@tondy 9)

Lastly, student perceptions of peer review wesessed with an anonymous
survey (n = 1,026 students). Students were ovdmihgly positive about the use of
peer review in the classroom with 83% on averagenteng that it positively
impacted their laboratory reports, editing, writiegtical thinking and research
skills (Table 5.1) and these positive perceptiossarconsistent for different three
introductory biology courses surveyed over two ®ffigure 5.1). Notably, 86%
students reported that that acigpfing feedback was equally useful for improving
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critical thinking skills as the act of receivingefitback. Written comments indicated
that the act of reviewing others’ work stimulatedf-seflection, self-evaluation and
an awareness of one’s own learning process.

Students expressed some concern about the alijiger to be effective
reviewers though 80% reported that the feedbaakived was helpful and 69%
reported it was satisfactory (see Table 5.1). Gftyof students admitted to giving
poor quality feedback however indicating a disjuntin students’ perceptions. To
address this concern, instructors are urged tegharresults of research on peer
review with students. Students see only the fepemathey review and the few
reviews they receive. Providing them with reskagsults will allow them a
course-wide perspective that peers, especiallggnegate, are reliable and provide
useful feedback (Study 1 reported here as wellres Schunn, & Wilson, 2006).
Notably, when students are blinded to the sourdbefeedback, they often perceive
peer feedback as comparable in quality to thatigealvby instructors (Cho, Schunn
et al. 2006). Thus, the only concern consistegtiyressed by students engaging in
peer review is repudiated by a course-wide perspeand corresponding research
data. If such data are provided to students,ahigcipated that student concerns
would dissipate.

Further, as students gain experience with peeéewg\they maintain or
increase their positive perspective (Figure 5The majority of respondents from
the BIOL 102 sample reported that they had padie@ in peer review the previous
semester (n = 303) and most (83%) reported thatrpeeew was less difficult the
second time and 64% said it was more useful. Tihisfinding further supports the
notion that repeated exposure to peer review maw sttcelerating benefits. As
they gain experience, students can focus moreeaf tognitive energy on the
substance of the task rather than the procedutailsle This increased focus should
facilitate the improvement that is likely to be see their evaluative skills that will
correspondingly increase the quality of the fee#llibey provide.

A few other studies exist which have captured sttglgperceptions of the peer
review process and they generally agree with thdirigs reported above. Stefani
(1994) reported that 100% of first year undergréesigaid that peer review of
biochemistry laboratory reports made them “think@i@and 85% said it made them
“learn more” (n = 120 students) but provided ndHar information as to how or
why peer review caused these changes. Hanrahaissaus (2001, p. 57) surveyed
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233 third year university students with a singlem@nded query “give the pros and
cons of peer review and self-assessment.” Thedtesits reported the following
similar results: peer review was productive, imgatheir papers, and helped to
develop critical thinking skills. In addition, Haahan and Issacs’ (2001) students
found the process time-consuming and desired highelity feedback from their
peers. In contrast to our results, their studestempathy for the time instructors
spent grading papers and found the exposure afulogk to their peers to be
motivating. It is unclear if their peer reviewopess was anonymous which might
have been the difference that caused this increaséigation. Hanrahan and Issacs
(2001) do not provide any data on how prevalenh geception was in the student
population, so it is unclear if the benefits andl@nges they report were
experienced by many or a few students.

Thus, this work enriched this field of knowledgdaur ways. Firstly, it
surveyed student perceptions of peer review frdanger sample size than the
largest published study to date on (four times giddanrahan and Issacs).
Secondly, this work contributed some much needéaildm the mechanisms by
which students believed peer review benefited themhirdly, these data determined
that the majority of the student population beleyeer review was beneficial and
negative experiences were in the minority. Fouyrttilis work provides information
on the effect of multiple peer review experiencésclv has not been previously

discussed in the literature at all.

Student perceptions of the role of peer revievhendcientific community (Study 10)
Students also made connections between the useofgview in the
classroom and its role in the scientific communi8tudents believed scientists
experienced many of the same benefits from peéewethat they themselves did.
They were cognizant of the quality control roletthaer review plays in maintaining
the integrity of scientific work thereby indicatiag awareness of the process that
distinguishes scholarly publications from popuitarhture. Students also
characterized reviewing as a valuable scientifitt #ley wished to acquire in their
development as scientists. Students thus perce®edreview as an effective
pedagogical strategy for improving scientific reasg and writing skills in the

classroom as well as a valuable scientific skithimd of itself.
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Summary of conclusions

These finding suggest that peer review was effedtiv improving students’
scientific reasoning skills and scientific writindRepeated experience with peer
review accelerated gains in scientific reasoningpbd that achieved by academic
maturity alone. Students were effective and capedliewers from the introductory
level onwards dispelling concerns that peer revgeto challenging for freshman.
Use of peer feedback alone improved student labgraeports indicating that
student writing can be improved in the absencénaé-intensive instructor feedback.
These findings do not suggest that there is no faadstructor feedback, merely
that student feedback is also productive and shioelldsed to increase the overall
amount of formative feedback provided to students.

Laboratory reports were further determined to bbetasource of data on
student progress over time. The Universal Rulmid_&boratory Reports was
demonstrated to be a reliable common metric. Apfibn of the Rubric to multiple
course assignments highlighted gaps and mis-aligtsieetween assignment
expectations, desired student performance andcalum goals. When graduate
student teaching assistants were provided traiomthe use of the Rubric in
teaching and grading, the reliability of scoresgrs=d to student work were
comparable to those for published research indlemnese education field and above
those produced by professional peer review. Gradieaching assistants
recommended that training on the Rubric be provideall incoming biology
graduate students.

Undergraduate students perceived peer review astawhile activity. They
believed peer review improved their writing andical thinking skills and they
perceived it as a valuable future skill they wonéd in their development as
scientists. To assist the reader, the resultBisfstudy are summarized in Table 6.2

and recommendations for improving classroom enaatfodow in Table 6.3.
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Table 6.2. Summary of Research Findings From This Study

« Undergraduates (even freshman) were effective andistent peer reviewers whose
feedback produced meaningful improvements in foagder quality.

» Peer review increased scientific reasoning andngritkills to a greater degree than did
academic maturity. Specifically, freshman labanateports which underwent peer
review scored higher on 12 of 15 criteria than fabary reports written by students with
an average of 91 credit hours and higher GPAs wiate not peer reviewed.

« Greater incorporation of rubric criteria into assigents improved student performance.
Some criteria required explicit inclusion in theigeament instructions or students did
not address them at all (e.g. use of controls peariental design, use of statistics, use
of primary literature) while one criterion (e.gathypotheses needed to have scientific
merit) was addressed whether or not it was mentiiméhe assignment.

« The reliability of the Universal Rubric for Labooay Reports was notablg € 0.85) and
independent of biological subject matter in the¢hcourses tested.

» Scores generated by trained or natural biologglgate teaching assistants using the
Rubric were as reliable as those reported in seiedacation research literature. It
should be noted that even the natural raters snstinidy had at least a full semester of
pedagogical training in introductory biology thatluded exposure to the Rubric.

« A few hours of explicit training on the use of th#dric did slightly improve the
consistency of graduate teaching assistants overah@onditions.

« Graduate students who received a few hours of@kpiaining on the use of the Rubric
recommended that such training be provided teealthing assistants.

» Application of a Universal Rubric to assignmentsnaltiple courses detected mis-
alignments and gaps between curricular goals, eassignments, Rubric criteria which
affected student performance in those areas.

* Undergraduates were positive about peer reviewegnalted that it benefited them in
multiple ways (writing, reasoning, thinking, resg@ng).

» Undergraduates perceived peer review as a valggdote-alone skill and a natural part
of their development as scientists.

University science departments are thus encourtgeaorporate peer
review as an effective pedagogical strategy forrowimg student scientific
reasoning and science writing. The incorporatibpe®r review is particularly
recommended whenever instructor time is too limftedstudents to receive
feedback on their writing. Peer review should dsancorporated however even in
situations where instructors have sufficient timétovide extensive written
formative feedback because the quadrupling of m@atime that students spend
engaged in evaluation and self-reflection is vale@@md does not occur when
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students only receive instructor feedback. Theauttaristics of the peer review
process do alter its effectiveness however. Whearporating peer review,

instructors should observe the following recommeioda.
Study limitations and recommendations

This research occurred at an institution thatihadrporated peer review for
several years prior to the collection of data drad experience likely strengthened
these findings. Namely, initial incorporation aqy review or the Rubric might not
produce gains as large as those reported hergudtte experience (both faculty
and graduate students) in how to best implemenpaesknt the peer review process
is expected to affect the impact of peer revie8pecifically, degree of experience
with peer review and the Rubric are anticipatetawee the greatest impacts in three
areas: 1) reliability of graduate student scorg¢smpact of peer feedback on writing
and 3) student perceptions of and satisfaction p&ter review as a pedagogy. To
improve the reliability of the scores produced Iy Rubric as rapidly as possible, it
is recommended that instructors score exemplarslemaedss how they will interpret
and apply the Rubric criteria to student work. Phecess of building consensus on
a few example papers is believed to significantiyeslite the instructor’s
development as consistent scorers. To increasentiect of peer feedback,
instructors are encouraged to design assignments/gawers are accountable for
the quality of the feedback they provide as welpams/ide them with instructional
supports on what makes feedback useful (directioestructive suggestions for
change, not praise or criticism based). The besttew improve student perceptions
of the value of peer review is to directly and freqtly discuss the rationale for
incorporating peer review into coursework as weslita role in the scientific
community.

Additionally, instructors and program evaluators eautioned to view the
Universal Rubric as a tool rather than an answast-hoc application of the Rubric
is likely to be unproductive. There must be ini@m&l and conscious alignment
between curriculum goals, course design, assignaetatls and Rubric criteria in
order for students to reasonably develop the diskéls over time and for
laboratory report scores to consequently show ngéuliimprovement. Without

such intentional coordination, the Rubric scorel§ mostly return information on
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mis-alignments among these factors. Within a egurstructors are specifically
encouraged to select Rubric criteria that are tyeelevant to their instructional
goalsprior to the development of the assignment. Rubricraiteust be a natural
fit for the assignment or the assignment must Isggded to address those criteria.
Instructional practices must also consistently gdland support those criteria (i.e.
students need opportunities to practice the deskild and instructors should role-

model effective scientific reasoning).

Table 6.3.Summary of Recommendations for Implementing PegeRe

» Be explicit in discussing with students the rolgeér review in the scientific
community as well as its benefits in the classroom.

» Share research results with students demonstriduageers are effective reviewers
and that peers can provide useful feedback thatowes paper quality if
incorporated.

» Design assignments to encourage students to proigtiequality written feedback
to each other. Means of doing this include expliclefining and discussing what
comprises useful feedback and using accountabié@gsures such as randomly
checking review quality (such checks are muchtiess consuming that reading
draft papers).

» Design assignments so that assignment criterigpaadreview criteria both align
with instructional goals. Ideally, instructionadas span multiple courses and
expectations for student performance are consigtaigned and developed
throughout those educational experiences.

* Use arubric as a means of defining assignmeteriexito students. Use of a rubric
deepens student understanding of the intent @fri@iind helps them to provide
better feedback to peers.

» Have relevant instructors build consensus on ttegpnetation of rubric criteria to
facilitate scoring consistency within and acrossrses.

» Try to borrow from rubrics developed by others,exsglly if they have been
reliability tested in relevant contexts and contaiteria derived from the scientific
community. The Universal Rubric for Laboratory Rep is recommended when
relevant to program or instructional goals.

Additionally, it should be noted that none of theasures used here provide
a comprehensive examination of students’ scientfasoning ability. These
measures are biased towards students who areieffattwritten communication
and may miss examples of gains in reasoning dhitlstudents who have difficulty

translating their thinking onto paper. As effeetwritten communication is an
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explicit goal of the studied curriculum howeveristamphasis on writing is
appropriate, but does cause these estimates argtatility to be conservative.

In sum, incorporation of peer review can causai@ant gains in student
scientific reasoning and writing abilities espegidfl enacted in the manner
described above. The primary criterion for prodgcan effective peer review
process is to build the process using the sammttirations for peer review as exist
in the scientific community: to produce useful fatme feedback on the validity of
one’s scientific work in order to elevate the qtyatif science. This focus on
improving the quality of students’ scientific thdugand writing through authentic
practice will concurrently improve students’ leangiof science at the university

level.
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Appendix 1

Goals of the USC Biology Undergraduate Curriculum

By graduation students will:
1. Demonstrate a Base of Knowledge

a. Possess a conceptual framework that identifies the relationships between the major
domains in the field of biology.

2. Demonstrate understanding and use of scientific reasoning and process (students

th

should be able to “think like a scientist™)

Identify assumptions

Create and evaluate hypotheses

Create abstract models of data

Design experiments relevant to the questions and models

Analyze qualitative and quantitative data

Assess validity of work, identify gaps 1n knowledge

Evaluate the results of the analyses and experiments and decide on next step
Learn from “nustakes”™ (1identify unintended results as opportunmities for discovery)
Learn new concepts and integrate them with current knowledge

N L -

Demonstrate information literacy and technological fluency
a. Locate and evaluate information needed to make decisions, solve problems, design
experiments, understand scientific data
b. Work effectively with common technologies in biology
c. Read primary literature and evaluate validity (on an appropriate level)
d. Evalvate and use biclogical databases (literature and public datasets)

Effectively communicate within a scientific context
a. Be able to simplify and explain scientific concepts and results of experiments to a non-
biologist (requires sufficient understanding to avoid jargon, half-answers, etc.)
b. Display and explain scientific results clearly and persuasively to peers both verbally and in
writing (includes the ability to graph data appropriately and accurately).

Demonstrate independent and collaborative learning skills
a. DBe able to learn mdependently and then share that knowledge with others
b. Work collaboratively to leverage greater learning than if working alone

Articulate the Nature of Science and its Interface with other Disciplines
a. Appreciate the role of creativity in science
b. Understand the recursive nature of science (how new results continually modify and

push forward previous knowledge)

Be able to explain the role of peer review 1n science as a quality control mechanism

d. Be able to distinguish the normal level of discussion that occurs at the cutting edge of
research from true dissent or controversy over the validity of scientific results.

e. Have a broad appreciation of the interesting questions. state of knowledge in the field of
biology (molecular to ecosystems levels of complexity)

f. Understand the social and natural context of knowledge (role of science in society, influence
of society on science)

g Be able to debate the ethical implications of science (difference between our abilities and our
values).

h. Develop an appreciation for the history of 1deas and the development of the major fields of
biology

[x]
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Appendix 2 Handout given to students to encourage useful feedback p 1 of 2

How to provide useful feedback: BIOL 102 Fall 2004

Useful feedback is:

* specific and concrete,

* focuses on the quality of the author’s argument (e.g. are conclusions logical and well
supported by the evidence/data?) rather than on the mechanics of writing, (e.g.
spelling or grammar),

* identifies assumptions behind or consequences of author’s 1deas which the author has
not explicitly discussed

* tells the writer why you think they did or did not meet the criteria.

* In sum, is likely to result in meaningful revisions or new content being added to the

paper.

You will be prompted by the CPR website to provide feedback for each criterion. Please
make an effort to provide useful feedback to your classmates. Your TA will also randomly
select one of vour three reviews and grade the quality of the feedback vou provide. Useful
items earn 1 pt, partially useful items earn 0.5 pts and non-useful feedback earn 0 points and
each review 1s worth up to 10 points. You may write as many feedback items as you would
like, but vou must provide at least one piece of feedback in response to each prompt in CPE.
Reviewing other students’ papers should also give vou insight into strengths and weaknesses
in your own paper. The benefits vou will receive from this exercise are directly correlated
with the effort vou put into it. Below are some examples to help vou understand what
constitutes useful feedback.

Useful feedback can improve vour grade (see graph on the back).

Examples:

Feedback item Useful? How to improve the feedback

1. Your paper 1s GREAT! How NO Provides no actual information to the

did you come up with vour 1dea? writer on HOW to improve the paper.

2. At the end of paragraph 2. vou Yes Full of detail about where and why the

say vou think this was a sex-linked reviewer was lost and if the writer

cross. Is this yvour hypothesis? answers the reviewer’s questions, the

What traits do vou think the parents paper will have a clearer statement of the

had? Why do vou think this is the hypothesis, a consideration of alternative

best explanation? explanations and logical connection
between hypotheses, data and
conclusions.

3. Your argument makes no sense. Partially | Asking for evidence is useful. but

What is your evidence? reviewer does not indicate which part of
the paper 1s confusing them or what
exactly they don’t understand.

4. Your argument depends on Yes The reviewer has identified an

weight being an inherited trait. assumption made by the writer and

What evidence do you have to pomted out how the validity or invalidity

support this assumption? of this assumption could impact the
writer's conclusion.

5. Which of your hypotheses is best | Parially | The reviewer 1s specific in indicating that

supported by the data? the writer did something well (posed
mmltiple explanations) but provides only
a vague indication that the writer needs
to discuss the data more without
indicating how or where they felt the
writer's conclusions were lacking.
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Appendix 2: Handout given to students to encourage useful feedback p. 2 of 2

Please put effort into yvour peer reviews — the feedback can make a real difference
vour peers! As a writer you should note that for every three pieces of useful
feedback used, writers saw approximately a two point gain in their final grade.

Effect of peer feedback on student performance in a
lab report on natural selection (Galapagos Finches)
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Appendix 3. Universal Rubric for Laboratory Reports

Universal Rubric for Lab Reports
developed by

Briana Timmerman
University of South Carolina
Department Biological Sciences

For more information, please contact:
Briana Timmerman
fimmermani@sche.sc.edu

The mubric was developed as a means of measuring how well students are achieving the stated curriculum goals of the USC Biology
Curnienlum (http/wanw. biol se.edu'undersrad/curricnlum himl). The rubric was created and refined in consultation with a wide
variety of faculty, instructors and educational specialists, both within and outside the department (see acknowledgements page). The
criteria were selected as the minmmum framework one would expect to see in any good biology lab report or other scientific
communication. The levels of smdent performance are intended as a roadmap of the probable learning trajectory of a typical
undergraduate student. The “Proficient™ level describes the performance we would hope an exceptional undergraduate or beginning
graduate student would achieve. Instructors are encouraged to select and use only the criteria and levels of student performance that
they feel are relevant to their sadent population and assignment goals. A scoring guide (rubric plus examples of student work at each
level of performance) has also been developed and is available upon request. Feedback or comments would be most appreciated if sent
to Briana Timmerman at the contact informartion listed above. The Rubric underwent formal reliability testing {Timmerman ef al.
2007) producing a three rater reliability score of g = 0.85 using biology graduate students as raters and generalizability analysis.
Further details are also available from Briana Timmerman.

Please cite as:
Timmerman, BE , Johnson, R L and Payne, J. 2007. Development of a universal rubric for assessing students’ science mnguiry skalls.
National Association of Research in Science Teaching 2007 Awmeal Meeting New Orleans LA, April 15-18th

Support for this project was provided by NSF Award 0410992 to Timmerman.
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Appendix 3. Universal Rubric for Laboratorv Reports

p. 1
Criteria Not addressed Novice Intermediate Proficient
Introduction: Context
Demonstrates a clear * The importance of The writer providesa | * The writer provides The writer provides

understanding of the big
picture;

Why 1s this question
important/ interesting in
the field of biology?

the question is not
addressed.

How the question
relates within the
broader context of
biology 1s not

generic or vague
rationale for the
importance of the
question.

The writer provides
vague or generic

one explanation of
why others would
find the topic
interesting.

The writer provides
some relevant

a clear sense of why
this knowledge may
be of interest to a
broad audience

The writer describes
the current gaps in

addressed. references to the context for the our understanding of
broader context of research question(s). this field and
biology. explains how this
research will help fill
those gaps
Introduction: Accuracy and relevance
Content knowledge is *  Background Background omuts * Background Background
accurate, relevant and information is information or information may information is
provides appropriate Missing of contains contains contain minor completely accurate
background for reader MA]j0T NACCuracies. inaccuracies which Omissions or Background
including defining *  Background detract from the inaccuracies that do information has the
critical terms. information 1s major point of the not detract from the appropriate level of
accurate, but paper. major point of the specificity to provide
irrelevant or too Background paper. concise and usefnl
disjointed to make information 1s * Background context to aid the
relevance clear Verly Narmow or information has the reader’s
* Primary literature werly general (only appropriate level of understanding.
references are absent partially relevant). specificity to provide Primary literature

or irrelevant. May
contain website or
secondary references

websites or review
papers are not primary

Primary literature
references, if
present, are
inadequately
explained.

relevant context.
Primary literature
references are relevant
and adequately
explained but few.

references are
relevant, adequately
explained, and
indicate a reasonable
literature search.
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Appendix 3. Universal Rubric for Laboratory Reports

p. 2
Criteria | Not addressed | Novice | Intermediate | Proficient
Hypotheses: Testable and consider alternatives
Hypotheses are clearly * No hypothesis is A single relevant, Multiple relevant, A comprehensive
stated, testable and indicated. testable hiypothesis is testable hypotheses suite of testable

consider plausible
alternative explanations

The hypothesis is
stated but too vague
or confused for its
value to be
deternuned

A clearly stated, but
not testable
hypothesis is
provided.

A clearly stated and
testable, but trivial
hypothesis is
provided.

clearly stated

The hypothesis may
be compared with a
“mull” alternative
which is usually just
the absence of the
expected result.

are clearly stated.
Hypotheses address
more than one major
potential mechanism,
explanation or
factors for the topic.

hypotheses are
clearly stated which,
when tested. will
distingmish among
multiple major
factors or potential
explanations for the
phenomena at hand.

Hypotheses: Scientific merit

Hypotheses have
scientific merit.

Hypotheses are
trivial, obvious,
wmcorrect or

completely off topic.

Hypotheses are
plausible and
appropriate though
likely or clearly
taken directly from
course material.

Hypotheses indicate
a level of
understanding
beyond the material
durectly provided to
the student m the lab
manual or
coursework.

Hypotheses are
novel, insightful or
actually have the
potential to
contribute useful
new knowledge to
the field.
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Criteria

Not addressed

Novice

Intermediate

Proficient

Methods: Controls and replication

Appropriate controls
{including appropriate
replication) are present
and explained.

If the student designed
the experiment:

Controls and/ors
replication are
nonexistent,
Controls and’or
replication may have
been present, but just
not described or
Controls and/or
replication were
described but were
nappropriate.

Confrols consider
one major relevant
factor

Replication 15
modest {weak
stafistical power).

Controls take most
relevant factors into
account

Controls include
positive and negative
controls if
appropriate
Replication is
appropriate (average
sample size with
reasonable statistical
power).

Controls consider all
relevant factors
Controls have
become methods of
differentiating
between multiple
hypotheses.
Rephcation is robust
(sample size is larger
than average for the
type of study).

If the instructor designed

the experiment:

Student fails to
mention controls
and/or replication or
mentions them, but
the description or
explanation is

Student explanations
of confrols and/or
replication are
vague, naccurate or
indicate only a
mdimentary sense of

Student evidences a
reasonable sense of
why controls/
replication matter to
this experiment
Explanations are

Explanations of why
these controls matter
to this experiment
are thorongh, clear
and tied into sections
on assumptions and

incomprehensible. the need for controls mostly accurate. limitations
and or replication
Methods: Experimental design
Experimental design is * Inappropriate appropriate appropriate *  appropriate
likely to produce salient |+ poorly explained / clearly explained clearly explained + clearly explained
and fruitful results (tests indecipherable drawn directly from modified from * asynthesis of

the hrypotheses posed.)

Methods are:

conrsework
not modified where
appropriate

coursework in
appropriate places
or drawn directly
from a novel source
(outside the course)

multiple previous
approaches or an
entirely new
approach
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Criteria

Not addressed

Novice

Intermediate

Proficient

Results: Data selection

Data are comprehensive,
accurate and relevant.

Diata are too
incomplete or
haphazard to provide
a reascnable basis
for testing the
hypothesis

At least one relevant
dataset per
hypothesis is
provided but some
necessary data are
MiSSINg of inaccurate
Reader can
satisfactorily
evaluate some but
not all of writer's
conclusions.

Data are relevant,
accurate and
complete with any
gaps being minoer.
Reader can fully
evaluate whether the
hypotheses were
supported or rejected
with the data
provided.

Data are relevant,
accurate and
comprehensive.
Reader can fully
evaluate validity of
writer’s conclusions
and assumptions.
Data may be
synthesized or
manipulated m a
novel way to provide
additional insight.

Results: Data presentation

Data are summanzed in
a logical format. Table
or graph types are
appropriate. Diata are
properly labeled
mcluding units. Graph
axes are appropriately
labeled and scaled and
captions are informative
and complete.

Presentation of data-

Labels or units are
missing which
prevent the reader
from being able to
derive any usefinl
information from the
graph.

Presentation of data
15 in an inappropriate
format or graph type
Captions are
confusing or
indecipherable.

cOnfaIns some errors
in or omussions of
labels, scales, umts
ete_, but the reader 1s
able to derive some
relevant meaning
from each figure.

is technically correct
but inappropriate
format prevents the
reader from deriving
meanng or using it.
Capftions are missing
or inadeguate

contains only miner
mistakes that do not
interfere with the
reader’s
understanding and
the figure’s meaning
is clear without the
reader referring to
the text.

Graph types or table
formats are
appropriate for data
Type.

includes captions
that are at least
somewhat useful

contains no mistakes
uses a format or
graph type which
highlights
relationships
between the data
points or other
relevant aspects of
the data.

may be elegant,
novel, or otherwise
allow unusual insight
mto data

has informative,
concise and complete
captions.




6T

Appendix 3. Universal Rubric for Laboratorv Reports

p S

Criteria | Not addressed | Novice Intermediate | Proficient

Results: Statistical analysis

Statistical analysis 15 +  No statistical Appropriate, accurate Appropriate Statistical analysis 1s

appropriate for analysis 1s descriptive statistics inferential appropriate, correct

hypotheses tested and performed. only are provided. {comparative) and clearly explamed

appears correctly +  Statistics are Inferential statistics statistical analysis 1s mcludes a

performed and provided but are are provided but properly performed description of what

interpreted with relevant inappropriate, either incorrectly and reasonably well constitufes a

values reported and inaccurate or performed or explained. sigmificant value and

explained. incorrectly interpreted or an Explanation of why that value was
performed or inappropriate test was significant value may chosen as the

mterpreted so as fo
provide no value to
the reader.

used.

Appropriate, correct
inferential statistics
are provided, but lack
sufficient explanation.

be limited or rote
(e.g. use of p=0.05
only)

threshold (may
choose values
beyond p=0.03).

Discussion: Conclusions

based on data selected

Conclusion 1s clearly
and logically drawn
from data provided. A
logical chain of
reasoning from
hypothesis to data to
conclusions is clearly
and persuasively
explained. Conflicting
data, if present, are
adequately addressed.

+  Conclusions have
little o no basis in
data provided.

+  Connections between
hyypothesis, data and
conclusion are non-
existent, limited,
vague or otherwise
insufficient to allow
reasonable
evaluation of their
merit.

+ Conflicting data are
not addressed.

Conclusions have
some direct basis in
the data, but may
CONtAin SOme gaps in
logic or data or are
overly broad.
Connections befween
hypothesis, data and
conclusions are
present but weak.
Conflicting or
missing data are
poorly addressed.

Conclusions are
clearly and logically
drawn from and
bounded by the data
provided with no
gaps in logic.

A reasonable and
clear chain of logic
from hypothesis to
data to conclusions is
made.

Conclusions attempt
to discuss or explain
conflicting or
missing data.

Conclusions are
completely justified
by data.

Connections between
hypothesis, data, and
conclusions are
comprehensive and
persuasive.
Conclusions address
and logically refute
or explain conflicting
data

Svnthesis of data in
conclusion may
generate new
insights.
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Criteria

| Not addressed

Novice

Intermediate |

Proficient

Discussion: Alternative explanations

Alternative explanations
are considered and
clearly eliminated by
data 1n a persuasive
discussion.

Alternative explanations:

« are not provided

+ are trivial or
irrelevant

+ are mentioned but
not discussed or
eliminated.

are provided in the
discussion only
may include some
trivial or irrelevant
alternatives.
Discussion
addresses some but
not all of the
alternatives in a
reasonable way.

Some alternative
explanations are tested
as hypotheses; those not
tested are reasonably
evaluated in the
discussion.

Discussion of
alternatives 1s
reasonably complete,
uses data where
possible and results in
at least some
alternatives being
persuasively dismissed.

have become a suite
of mterrelated
hypotheses that are
explicitly tested with
data.

Discussion and
analysis of
alternatives 1s based
on data, complete and
persuasive with a
single clearly
supported explanation
remaming by the end
of the discussion.

Discussion: Limitations of design

Limitations of the data
and/or experimental
design and
corresponding
imphications discussed.

Limnitations:

+  are not discussed.

are discussed in a
trivial way (e.g.
“human error” 15
the major limitation
invoked).

are relevant, but not
addressed in a
comprehensive way
Conclusions fail to
address or overstep the
bounds indicated by the
limitations.

are presented as
factors modifving the
author’s conclusions.
Conclusions take
these limitations into
account.

Discussion: Significance

of research

Paper gives a clear
indication of the
significance of the
research and its fumre
directions.

Future directions and
significance of this
research:

+ are not addressed.

are vague,
implausible (not
possible with
current technologies
or methodologies),
trivial or off topic.

are usefil, but indicate
incomplete knowledge of
the field (suggest
research that has already
been done or 15
improbable with current
methodologies)

suggest a fruitful line of
research, but lack detail
to indicate motivations
for or implications of the
future research.

are salient, plausible
and insightful
suggest work that
would fill
knowledge gaps and
move the field
forward.
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Criteria

Not addressed

Novice

Intermediate

Proficient

Use of Primary Literature

Relevant and reasonably
complete discussion of
how this research project
relates to others” work in
the field (scientific
context provided).

Primary literature is

defined as:

- peer reviewed

- reports origmal data

- authors are the people
who collected the data.
- published by a non-
commercial publisher.

Primary literature
references are not
included.

+  Primary literature
references are
limited {only one or
two primary
references in the
whole paper)

+ EReferences to the
textbook, lab
manual, or websites
May CCCur.

+ (itations are at least
partially correctly
formatted.

Note that proper format
meludes a one-to-one
correspondence between
in-text and end of text
references (no references
at end that are not in text
and vice versa) as well
as any citation style
currently in use by a
relevant biology journal.

Primary literature
references are more
extensive (at least
one citation for each
major concept)
Literature cited 15
predominantly (=
20%) primary
literatures.

Primary literature
references are used
primarily to provide
background
information and
context for
conclusions
Primary literature
references

Primary literature
references indicate
an extensive
literature search was
performed.

Primary literature
references frame the
question in the
introduction by
indicating the gaps in
current knowledge of
the field.

Primary literature
references are used
i the discussion to
make the

connections between
the writer's work and
other research in the
field clear

Primary literature
references are
properly and
accurately cited
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Criteria | Not addressed | Novice Intermediate | Proficient
Writing quality
Grammar, word usage Grammar and Grammar and Grammar and Correct grammar and
and orgamzation spelling errors spelling mistakes do spelling have few spelling.
facilitate the reader’s detract from the not hinder the mistakes. Word usage
understanding of the meaning of the meaning of the Word usage is facilitates reader’s
paper. paper. paper. accurate and aids the understanding.

Word usage 1s General word usage reader’s Informative
{some elements inspired frequently confused 1s appropriate, understanding. subheadings
by the SC State Dept. of incorrect. although use of Distinct sections of significantly aid
Education Extended- Subheadings are not techmcal language is the paper are reader’s
Response Scoring Guide used or poorly used. may have occasional delineated by understanding.
for English Language Information is mistakes. informative A clear
Arts) presented in a Subheadings are subheadings. organizational

haphazard way. used and aid the A clear strategy is present

reader somewhat. organizational with a logical

There 15 some
evidence of an
organizational
strategy though it
may have gaps or
Tepetitions.

strategy 1s present
with a logical
progression of ideas.

progression of 1deas.
There 1s evidence of
an active planning
for presenting
information; this
paper 1s easier to
read than most.
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Secoring Guide for the
Universal Rubric for Lab Reports
developed by
Brnana Timmermzan
University of South Carolina
Department Biclogical Sciences

INSTRUCTIONS TO SCORERS:

Lsing the pomt values provided. mdicate the appropriate level achieved for each cntenon by the papers that have been provided to you. A techmigue some
people find nseful for sconng is called “the wedge.” For each critenion. first decide if the response 15 in the top or bottom half of the rating scale. Then focus
on the two cnteria within that “half” of the scale. For example. if a response 15 in the upper half of the rating scale, 1= it more like the mtermediate response or
the proficient response? Once vou decide on a rating (e.g. “Intermediate”™), does the description of the intermediate level match the response in question, or 1=
it & little better or a little worse? You may use “+" and “-* to indicate if a response does not fit clearly within a category, For example, 2- would
indicate a responze whose guality most closely alipns with intermediate bt which 15 slightly less proficient than a typical mtermediate respense; 1+ would
indicate a response that is slightly better than the sverage novice response.

Student Proficiency Scoring Level
0 Not addressed 0+ | 1- Novice 1+ | 2. Intermediate 1+ [ 3- Proficient 3+

A “Not addressed” response may either be completely missing (0 or something 15 witten, but 1 i3 completely mmrelevant (0]

“Examples of student responses are presented as regular text m guotations.” [If & portion of a student’s response was removed to reduce the length of the text,
a descnpiion of the edited matenal will appear m square brackets at the pomt where 1t was removed.] Suggestions about how to apply the criteria to those
student responses fallow each example in bold ttalics.

**Remember, you are scoring, not grading. There i3 no expectation for a majority of the papers to achieve any particular score. Just place the quality of
each paper as accurately as you can on the scales providad.

Support for this project was provided by NSF Award 0410992 to Timmerman.
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Criteria

0 Not addressed 0+

1-  Novice 1+

2- Imtermediate 2+

J- Proficient 3+

Introduction: Context

Demonstrates a clear
understanding of the big
picture;

Wl is this question
umportant’ mteresting m the
field of biology?

* The importance of the
question 1s not
addressad.

*  How the question relates
within the broader
context of biology 13 not
addressad.

» The writer provides a
EeNETIC Cf Vague rationale
for the importance of the
question.

= The writer provides vagus
of genenc references to the
broader context of biology.

* The writer provides one
explanation of why others
wonld find the topic
interesting.

* The writer provides some
relevant context for the
research questionis).

* a clear sense of why this
knowledge may be of
mterest to a broad andience

« writer provides explanation
of gaps i understanding
and how this research will
help fill those gaps

Example of a novice (1-) response:
“(Gene sequencing 13 done by first PCE ing the DNA and then curing 1t with primers to deternune the sequence of macleotides. Many scisntists like to know
the saquence of genes so that thev can perform other experiments on those organisms.” (. _se they can perform other experiments™ 1s foe vague — ne sense

of context 15 provided.)

Example of a novice (1) response:
“Plant competition 13 an frequent ecological mieraction ™ [Defimtion of mira ve. inter specific competition provided.] “There are several factors that influence
competition between plant species: density of plants, and amount of available munents and sunlight. ... Tilman proposes that the cutcome of competition can

either be at equilibrium. or can czcillate over time.”
(Wlile a reference to semeone else’s work is provided, there is ne sense of win' compefition 1s worth studying o what the consequences are of varions
compentive ontcomes (ne sense of importance or broader confext.)

Example of an intermediate (2) response:
“(One of hiology’s major ideas relares fo the guestion of why do offspring resemble their parentz ™ [Histoncal context 15 then followed by definition of
phenotype and Mendel's three laws and a rationale for wiy the foot flv 13 used a3 a model organi=m for genetics.] “The purpoze of this expemment 1z to
determune whether sex-linked trats are identifiable by the ratios of phenotypes in offspring. This expenment 15 inportant because by exanuming and analvzing
inhentance pattemns (1.8 using Punmestt squares) scientizts can detemune the probabilitv of inhenting certan waite.” (mplicit sense of impoartance, historical
conrext and nstificanion for organism provided)

Example of an proficient (3} response:
“The effect of spore dispersal distance on fingal biodiversity 15 a subject that 1= superficially well-understoed by scientists, however nmuch of the intmicate
warkings of genefic vanation in indrnduals and in the resulting populations are yet to be discemed. Fumg have the ability o reproduce both zexually and
azexually, but the relative impact of these propagation methods on their genome 1= unknown and paramount to comprehending their evolutionary and
reproductive story. Such results would enlighten our understanding of the co-evolution of plants and fimel az well as provide 2 foundation for aszessing the
health of pepulanons and fungal biediversity.” (bread context is provided as well as identification of gaps in knowledge and why they maiter.)
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Criteria | 0 Notaddressed 0+ | 1-  Novice 1+ [ 2. Intermediate 2+ [ 3- Proficient 3+
Introduction: Accuracy and relevance

Content knowledge 15 * 13 MUSSING OF containg «  pnuts information or * may CONtaEm nunor « 15 completely accurate
aceurate, relevant and maAjer inaccuracies. contains inaccurate olissions of inaccuracies |+ has the appropriate level
provides appropriate * i3 accurate, but mrelevant mformation which that do not detract from of specificity to provide
background for reader or too disjointed to make detracts from the major the major peoant of the concise and nseful
ncluding defining cntical relevance clear point of the paper. paper. context o aid the

terms. +  primary literature + 15 overly narrow or * has the appropriate level of reader’s understanding.

references are ahsent or
irrelevant  May contam

overly general {only

¥ specificity to provide +  Primary literature
partially relevant).

Background mformation: relevant context. references are relevant,

website or secondary

Primary literature

Primary literature

adequately explained,

references references if present references are relevant and and indicate a reasenable
websites or review papers madeguately explained. adequately explained but literature search.
are not primary few.

Example of a not addressed (0+) responze: “The Galapagos Islands are an archipelago consisting of 16 1slands scattersd over 36,000 square mile near the
equator. The total land area 15 3,028 square nules and the islands all rose form the ocean floor as the tops of volcanoes, possibly dunng the Plicoene era and
have never been connected to the mamland (“Galapagos Ecosvatem” website). (TFTile acenrare, this informartion is completely irelevant fo a report on
evolution — the writer makes no connection between it and any other part of the report)

Example of a novice (1) response; “Tilman descnbes the outcome of interspecific plant competition for a single resource as °. . _either a true equulibrium or it
may be an oscillatory sohation in which resources level and population densities fluctuate’ (Tilman 1922). Here Tilman proposes that the outcome is either at
equilibritm or the more competitive species fluctuates with its different advantages over time. This i3 a possibility we can look for when we test interspecific
competition.” (W inle a relevant primary reference s provided, the wiiter does not clarifi it or explain it or ifs relevance in any meamngfil way )

Example of an intermediate response: “The mam wav that plants respond to conypetition 15 to change their root-shoot ratio { Turkington, 2003).

Specifically, if plants are competing for resources prmanly undersround, they will allocate their growih to their rootz. In domg this, they will gam
competitive advantage and find more mitments by foraging greater distances. Or, if competing for sunlight, they will allocate greater biomaszs to shoots =o they
will extend their branches sbove others. Eoot-zhoot ratio 13 therefore a common measure of the effect of competition on plants.” (a single primary reference
which is relevant and adequately explained)

Example of an proficient response: “The systenun signaling pathway 15 a well-known defense pathway m plants and mvolves a cascade of mutogen
activated protein kmases (MAPEs) which phosphorylate other molecules which then activate or inactivate the targeted molecule (Byan 2000). MAPK targets
are often transcrption factors that tum on or off aspects of the wound response. They therefore have an important role in signal transduchion upon wounding,
pathogen attack or awotic sivess (Guillaume et al. 2001; Xing et al 2001} and are therefore useful mdicators of wound responses.” fmultiple primary
references whose relevance is clear)
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Criteria | 0 Notaddressed 0+ | 1-  Novice 1+ [ 2. Intermediate 2+ [ 3- Proficient 3+
Hypotheses: Testable and consider alternatives
Hypotheses are clearly « None indicated. * A single relevant, +  Multiple relevant, » A comprehensive suite of
stated, testable and consider |+ The hypothesis is stated but testable hypothesis is testable hypotheses are testable hypotheses are
Plausible altemative too vague or confused for its clearly stated clearly stated clearly stated which,
explanations value to be determuimed *  The hypothesis may be *  Hypotheses address more when tested. will
* A clearly stated, but not compared with a “noll” than one major potential distinguish among
testable hypothesis s alternative which 1s mechanism, explanation multiple major factors or
provided. usually yust the absence or factors for the topic. potential explanations for
* A clearly stated and of the expected result. the phenomena at hand.
testable, but trvial
hypothesis is provided.

Example of a novice (0+) response: “The hvpothesis to explain the cnisis event of 1977 that caused many finches to die and some to survive is a series of
events.” [Four sentences of descniptive narrative follows] (This could have been a (1) if the chain of events were identified as a sertes af sequential
potheses (each with a nnll of ne change). It would not count as a (2) becanse there are multiple explanations af each step in the chain of events which
are not addressed. Linked single Inpotheses are not multiple npotheses relevant to the same issue )

Example of a novice (1) response: “The purpose of the expenment iz to deternumne if sex-linked traits produce different ratios of phenotypes than non-sex-
linked traits. We hypothesize that the sex-linked trait will produce a 30050 mix of red and white-eved offspring. The mull hyvpothesis 15 that there will be no
difference betwean the ratio of the sex linked cross and the sutosomal mono-hyvbrid cross.” (This is a single relevant restable hypothesis compared to a null)

Example of an intermediate (2-) response: “The hvpotheses that have been formmlated are that radishes and collards grovwn alone will have a higher
germunation rate, taller shoot heizhts and greater stem weights than the radish and collard nux.  Also, we hypothesized that the radishes and collards at low
density wall be more successful with a higher gemunation rate, taller shoot heights and greater stem weights than radishes and collards at agh density ™ (flins
enrns a “2” because there are two specific, testable wpotheses which address mulnple factors (each has an tmphicit null wpotheses of no difference), but
a “-* becanse the factors are not idennfied or explained and ne connections are made to the topic of inter-specific compenition described in the
introduction.)

Example of an proficient response (3): “We observe that dandzlions in regularty mowed fields are shorter than those in wm-mowed fields and determined
that the height difference has a genstic basis. We hvpothesize that this evolutionary shift iz due to the selective pressure generated by mowimng. Other
explanations mclude genetic dnft or mutation. If genetic dnft 1 responsible for the height differences, than populations released from mowing will remam
shimted on average due to reduced genetic diversity. If a mutation 1= responsible, than short populations wall all contam umigue genetic markers not found m
m-mowed populations. If natural selection currently producmg the shorter dandelions i the mowed field, than populations releazed from mowing should
show a range of herghts minally wath a gradual mcreasze m average height over time and wm-mowed populations should respond to early season mowing with a
decrease m average height at time of blooming.” (mulfiple, plansible, interconnected hypotheses)




Appendix 4. Universal Bubric for Laboratory Reports, Scoring Guide version given to Trained Raters p- 3
Criteria | 0 Notaddressed 0+ | 1-  Novice 1+ [ 2. Intermediate 2+ [ 3- Proficient 3+
Hypotheses: Scientific merit
Hypotheses have scientific + are tnvial, obvious, *  are plausible and + ndicate a level of « arenovel, insightful, or
meTit. mecorrect or completely appropriste though likely understanding beyvond actually have the
off topic. or clearly taken directly the material dirsetly potential to contribute
Hypotheses: from course matenial. provided to the student in useful new knowledge to
the lab menual or the field
coursework.
Example of a not addressed ((+) response: “The purpose of the experiment 15 to deternune if sex-linked traits produce different ratios of phenotvpes than

non-sex-linked traits. We hypothesize that the sex-linked trait will produce 2 30750 nux of red and white-eved offzpring. The mull hypothesis 1= that there will
be no difference between the ratio of the sex linked cross and the autosomal mono-hybrd cross.” (Student appears trapped by a “coekbool™ assigument, bur
the question should at least be not whether sex-linked crosses have different ratios than antesomal (that is already knovn), but if the traif in guestion is
sex-linked or autesomal.)

Example of a novice (1) or intermediate (1) response; “The hypotheszes that have been formmlated are that radishes and collards grown alone will have a
Iugher gemmnation rate, taller shoot heights and greater stem weights than the radizh and collard mix.  Also, we hvpothesized that the radizshes and collards at
low density will be more successful with a higher zermination rate, taller shoot heights and greater stem weights than radishes and collards at high density.”
{The merit of these wpotheses depends enfively on whether or not the factors of density and single vs. mixed species were provided to the students or
derived by the students on their ovwn. If the measures of germination rate, shoot height and stem weight were suggested by the instructor or lab mannal,
than this is a novice respanse (1), If the students identified and chose these on their own, then it is infermediate (2).)

Example of an proficient (3) response: “Previous predictions of species response to climate change do not consider the possibility that chenges in
environmental parameters such as ar temperature could translate mto non-linear changes 1 crganismal bedy temperature (Somere 2005). Here weuse a
biophvsical model to explore the relationship betwesn two key climatic parameters (air and water temperamure) and changes to the body temperamre of an
ecologically donunant species of intertidal mvertebrate (the nmssel Myvtilus califormizmis) across 1600 km of its geographic range. We hvpothesize that the
relative importance of air and water temperature to body temperature varies both geographically and with vertical position within locations, thus contradicting
past assumptions that a simple change in air or water temperature will have a consistent effect across the species dismibution.™ (The propesed hypothesis, if
carvect, would challenge a widely held assumprion cirrently in use by others working in this field (that erganisms” body temperatures respond in simple,
Iinear ways fo air/water temperature) and would require other scientists to retlunk their experimental design and results. Thus flns ypoethests wonld make
a major centribution te the field and hikely change how others in the field think about these types of research questions.)
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Criteria

0 Notaddressed +

1-  Novice 1+

2 - Imtermediate 2+

3- Proficient 3+

Methods: Controls and replication

Appropriate controls

Controls and/orz

Controls consider one

Controls take most

Controls consider all

{including appropriate replication are major Televant factor relevant factors into relevant factors
replication) ars present and nonexistent, Replication i3 modest acooumnt Contrals have become
explained *  Controls and'or {weak statistical power). Controls include positive methods of
replication nay have and negative contrels if differentiating between
If student designed the been present, but just not Approprate multiple hypotheses.
ExpeTiment: descnibed or Eeplication 1s Beplication is robust
+ Controls and/or appropriate {average {sample size1s larger
rephication were sample size with than average for the type
desenibed but were reasensble statizneal of study).
IEPPIopTiate. powver).
Ifinstmoctor designed the = Smdent fals to mention Student explanations of Student evidences a Explanations of why
SXpEnment: controls and/or controls and/or reasonzble sense of why thess controls matter to
replication or menfions replication are vague, controls’ replication this experiment are
them, but the description naccurate or indicate maiter to this expenment thorough, clear and tied
or explanation 1s only a nulimentary sense Explanations are mostly mto sections on
meonprehensible. of the need for controls accurate. asgumptions and
and or replication limitations

Example of a not addressed (0+) responze: “Two culturs tubes were obtamed with three females and two males placed in each tube. After two wesks, the
phenotypes of the newly hatched offspring were recorded and a statistical test used to determune 1f the data matched the hypothesiz.” (Replicaiion 1s
negligible. Results seciion sample size indicates that clasy data were pooled, but sindent appears to not recognize the importance of this distinetion; no
discussion of controls such as ensniing thar the famales were virgin.

Example of an intermediate {2-) response: *For the purpases of testing the toxicity of statin to over the entire Ampliazous lifecvele, individuals were raised
in separate enviromuents from naupliuz stage through adulthood. Seawater (30 ppt) was filtered (045 nucron) and changed every three days. Culture checks,
water changes and feeding schedules were uniform across samples.  Three 96-well plates (n=288 mdividuals} were uzed per reatment and for the contral.
INaupli ages were synchromzed before being loaded into the wells. {Coolidee. Howard Hughes Aunsust 20035) (Multiple controls are present and replication
1z reasonable, though acknowledgement of a potential for “psendo-replication™ is not addressed (all wells on same plate nught be considered a single
sample). Only an explanadion of why the controls are necessary 1s lackang.}
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Appendix 4. Universal Bubric for Laboratory Reports, Scoring Guide version given to Trained Raters P

Criteria | 0 Notaddressed 0+ | 1-  Novice 1+ [ 2. Intermediate 2+ [ 3- Proficient 3+
Methods: Experimental design
Expenmental design hkelyto | = mappropnate *  appropiiate *  appropniate *  appropnate
produce salisnt and foitfl +  poorly explained / *  clearly explained +  clearly explained « clearly explained
results (tests the hypotheses mdecipherable *  drawn directly from +  modified from * asynthesis of multiple
posed.) coursewerk coursework in previons approaches or
*  not modified whers appropriate places an enfirely new approach

Methods are: appropriate *  ar drawn directly from a

novel source {outside the

conrse)

Example of a novice (1-) response: “We placed the following seed sroupings each in their own pots: 8 radish zeeds, 16 radizh seeds, 32 radish seedsz, 8
collard seeds, 16 collard seeds, 32 collard sesds, 4 radish + 4 collard seeds, 8 radish + 2 collard, 16 radizsh + 16 collard. .. [care and feeding instmoctions). . .we
counted the mumber of plants germinated weekly. After the fifth wesk we also measured average number leaves per individual, average leaf weight per
mdividual, average shoot length, average shoot weight and stem density. Our data was [sic] combimed with other students” data and an ANOWVA test wath two-
factor replication on Microsoft Excel was used ™ (Although the experimental design 15 appropriate for the hypotheses given earlier in the paper and
relafively clear, the ‘recipe-like’ quality of the woiting indicates that the student had very hitle cognitive input to this experimental design. The siudent
provides no sense of how these methods relate to the varnons hypotheses.)

Example of an intermediate or proficient (2 or 3) response: “Fibroblasts were isolated from neonatal rat heart tissne minced and digested with collagenase
(Carver 2003). Those designated for mechanical stretch were plated onto silastic membranes and allowed to reach confluence before glucose treatment
(Carver 1991).7 (Zhang HH Aug 2005) (If this student onginated the idea fo combine the methodalogies from the 2003 and 1991 papers, thns is an
proficient response. If the mentor (Carver) suggested the new protocol than it is an intermediafe response.)

Tlus criterion obviensly requires familiarty with the conrse and’or students® background in order to judge the quality of the student’s response.
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Criteria

[ 0 Motaddressed 4+

| 1-  Novice 1+

2 - Imtermediate 2+

[ 13- Proficient 3+

Results: Data selection

Data are comprehensive, * Dataare too incomplete |+ At least one relevant Diata are relevant, + Data are relevant, accurate
accurate and relevant or haphazard to provide a datazet per hypothesiz is accurate and complete mnd comprehensive.
reasonable basis for provided but some with gaps being minor. + Reader can fully evaluate
testing the hypothesis necessary data are nussing Beader can fully validity of writer's
or inaccurate evaluate whether the conchusions and assumptions.
+ Beader can satsfactonly hypotheses were + Data may be synthesized or
evaluate some but not all supported or rejected manipuiated in a novel way to
of writer's conclusions. with the data provided. provids additional insight.

Gemph 1. Ppecantage of Chames, Caclus, and Perjulics Seads
Turing Wat and Dry Saszane (Soft-Shelind Seadei

% al wodal
Smadw

N
N

W
8

The graph on the LEFT is
a student graph. The
graph on the RIGHT is an
tiproved version. The
student’s ypothesis 15
that finches died becanse
there were not enough
seeds to ent.

Whamber of bt
Bails i

Gemph f: Mumbar of Chamss, Cactus, and Poriulscs Sests
Disring Wt and Dry Sesscas (Sofi-Sheled Seads)

Ol Portiieca
R Cachs

Wel
Yasr Yowi T3 it TG Ory ™6 ST O 77
b Yanr

Example of a novice response: The data selecoon on the LEFT i5 a novice response (1-) becanse the data only show how sead npes are changing, with na A
indication of how seed abundance changed. (In other words, it gives the impression that there are plenty of cactus seeds.)

Example of an intermediate (2): The figure on the RIGHT commmmcates a much move complete wessage showing both the change in seed tipe and the
decline of overall seed numbers making it clear that not enly were the finches affected by a change i seed tipe, but that there simply wasn 't much fo eat.

Example of an proficient vesponse (3): If the fisure on the RIGHT also inclided the relative properiion and fotal abundance of hard-shelled seeds (as
well as soft-shelled) the reader would then have a complete picture of how the finches’ food sources changed over fime.
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Criteria

0 Notaddressed +

1-  Novice 1+

2 - Imtermediate 2+

3- Proficient 3+

Results: Data presentation

Data are summarized in a
logical format. Table or
graph types are appropriate.
Data are properly labeled
mchuding umes. Graph axes
are appropmately labeled and
scaled and captions are
mformative and complete.

Prezentation of dam:

15 nussing labels or units
which prevent the reader
from being able to dermve
any nsefill information
from the graph.

15 1 3l Inappropriate
format or graph type
Captions are confilsms or
indecipherable.

containg some errors i
or omussions of Tabels.
scales, wnits erc., but the
reader 15 able to derive
30me relevant meaning
from each figure.

15 techmically correct but
Inappropriate format
prevents the reader from
derving meaning or
using it. Captions are
mussing or madeguate

containg cnly nuneor
nustakes that do not
interfere with the reader’s
understanding and the
figure’s meanmg s clear
without the reader
refernng to the text.
graph types or table
formats are appropriate for
data

includes eaptions that are
at least somewhat nseful.

comtains po nustakes
uses a format or graph
type which highlights
relationships between the
data points or other
relevant aspects of the
data.

may be elezant, novel, or
otherwize allow umusnal
msight mto data

has informative, concize
and complete captions.

Example of a novice (1-) and‘or intermediate (2) response: “Figure 1 showed the effects of competition on the germination rates #mong radishes and
collards. There 15 notable interspecific and miraspecific competition. . [an] increase 1 the density of plants leads to a decrease m the rate of gemunation.”™

]

(1)
=

e
=]

germinated
{25 [F1
= [=]

Number of individuals
=

=]

Figure 1: Effect of planting density on
germination in collards and radishes

BC OR BCM WRM

32 64
Density (# Iindividuals per plot)

{This figmre 15 complete and accurate with all tteins labeled, but earns {1-) becanse
1t does not actually report the data referenced in the text (germnation rate) forang
tite reader to try and calculate % germination for each data peint making this

otherwise acceprable graph fairly nseless.

Ifthe absolute number of plants germinated weve nseful information, and what
was refereniced tn the fext, then this wonld be an INTERMEDIATE RESPONSE (2.
Sugzestions for making it @ 2+ include wrting enf what “C," "R.” "CM” and
“RM™ stand for, adding ervor bars and indicating which categeries are
significantdy different, daorening the gridlines to make reading valnes off the y-amas
easier and providing more contrast between the categories (Wghtening “R").

See the next page for an example of an proficient response.




Appendix 4 Universal Bubric for Laboratory Reports. Scoring Guide version given to Trained Raters p-10

[ Criteria

2+

3-  Proficient 3+

THESMAL COMDUCTRITY, W oom ' &'

[ 0 XNotaddressed 0+ | 1-  Novice 1+ [ 2- Imtermediate

THERMAL CONDUCTIVITY OF
COPPER

o S N R0 S U A o7 o |

Ol ] i 1 w8 ® o [ ®

TEMPERATURE, ®

Proficient response (3):
{This graph takes an
immense amsnnt of
infarmanion (the valies
reparted in ever 200 papers —
each line represents a set of
data veported in a single
paper with the paper's
cifation indioated by the
nnmber in the circle atteched
to the hing) and summarizes
it in- an immrediare and truly
effective way. The reader
can now make compansens
and conclusions that wonld
Tave been impassible had the
data been presented in amy
other way.)

Graph from Yo, Powell and
Liley. 1974, Thermal
conducviry of the elements:
A conmrehensive review. J
FBhysical Cliem Reference
Data 3(supplement 1): 1-244
as lustrated in Tufte, E.
2001, The visual display af
guantitaiive informanon.
Graphies Press: Cheshive CT
ip. 49}
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p-11

Criteria

0 Notaddressed 0+ |

1-  Novice 1+

2 - Imtermediate 2+

3- Proficient 3+

Results: Statistical analvsis

Statistical analysis is
appropnate for hypotheses
tested and appesrs cormectly
performed with relevant
wahzes reported and
explamed

No statictical analysizis [
performed.

Statistics are provided
but are Inappropriate, +
Imaccurate of moorrectly
perfonned or interpreted
20 as to provide no value
to the reader.

Appropriate, accurate
descriptive statistics only
are provided.

Inferennal stafistcs are
provided but ether
mcomrectly performed or
nterpreted or an
ingppropriate test was used.
Appropriate, commect
inferential statistics are
provided, but lack sufficient
explanation.

Appropriate nferential
(comparative) statistical
analysts 15 properiy
performed and
reasonably well
explained.

Explanaticn of
significant value may be
limited or rote (2.2 use
of p=0.03 only)

Statistical analysis is
appropriate, comect and
clearly explamed
melndes a description of
what consfitutes a
significant value and why
that value was chosen a3
the thresheld (may
choese values beyond
p003)

Example of a ({1+) response: “The average besk size of the finches increased from 10.1 to 10.7 from 1973 to 1978 as seen m graph 1.7 (BET) (This response
barely earns a (0+) because no acinal stafisiical rest 15 performed and the writer fails fo provide winis for the change in beak nize leaving the reader
comipletely unable to assess the potennal sisnificance of the change {an increase of 0.6 cm is very different than 6.6 mm))

Example of a novice (1) response: “The p-value for the autozomal hvbrid cross is less than 0005 and the value for the sex-linkesd monohybrid 1= less than 0.03
for the males, but larger than 0.03 for the females. Thus, the hypothesis for the autozomal monchybnd cross can be accepted. but the hypothesis for the sex-
linked cross st be rejected.” (TP hile an appropriate test was performed, the witter’s understanding and explanation of the test is mited and vague.)

Example of an intermediate {2+) response: “The plan: heighis were sigmilcantly different when compared by a 2 factor ANOVA, thus supporting our
hyvpothesis. It should be noted that the p-value generated by these samples waz 0.049 however. As we used the conventional threshold for sigmificance
{p=0.03) our rezult 1z borderline in 153 significance should not be a3 strongly considered as our second resul: which generated a p value of 0.0037.7 (BET)

{The weiter simply used the convenrional 0.05 ent-off for sigmificance, bur her follow-np sentence indicates that she realizes sionificance 13 a spectrum, not

an gither/or sitiation.}

Example of an proficient (3) response: “The Bonferrom method of companng least squared means was used to analyze the developmental period from
nauplivs to adult and indicated a sizmficant difference between the control and all treatment sroups of about 1 day (control was 1511+ 134 davs vs. 16 14+
131 days (30 ng/L treatment) to 16.3% = 1.72 davs (230 ng/L) (p=0.0001 for each companson). Thiz expenment demonsirates the effechiveness of
simvastatio to alter the development of Amphiascus, even at munnte concenrations. The ecological impact of this effect 15 uncertain however, Surivorship
did not differ among groups, but the change in tinung could have mmplicanions for reproductive success.” (Coolidee HH Aug 2003) (Tlis response earns (3)
becanse the statisiics are appropriate, well explained and the significance of the result viewed in a broader, biolagically relevant context. )
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Criteria [

0 Notaddressed 0+ | 1-  Novice 1+

[ 2. Imtermediate 2+ |

3- Proficient 3+

Dizcussion: Conclusions based on data selected

Conclusion 15 clearly and
logically drawn from data
provided. A logical chain of
reasoning from hvpothesis to
data to conclusions is elearly
and persuasively explamed.
Conflicting data, if present,
are adequately addressad.

Conclusions have some
direct basis in the data.
but may contain scme
gaps i logic or data or
are overly broad.
Connecticns between
hypothesis, data and
conclusions are present

*  Concluzions have Litle or
no basis in data provided.

*  Commections between
hypothesis, data and
conclusion are non-
existent, linmted, vague 4
or otherwise msnfficient
to allow reasonable

evaluation of their ment. but weak.
+  Conflicting dataarenot [+ Conflicting or nussing
addressed. data are poorly

addreszed.

* Conclnsions are clearly
and logically dravwn from
and bounded by the data
provided with no geps in
logic.

= A reasonable and clear
chain of logie from
hypothesis to data to
conclusions 13 made.

*  Conclusions attempt to
discuss or explain
conflicting or mizsing
data.

Conclusions are
completely mstified by
data.

Connections between
hypothesis. data, and
conclusions are
comprehensive and
persuasive.

Conclusions address and
logically refitte or
explain conflicting data
Symthesis of data
conclusion may generate

new insights.

Example of a (=) response: “The Chi-square value was zero which would indicare that the obzerved and expected values were equal. The resulis did not
show exactly a 3:1 ratie for the autosomal cross and 2 1:1 for the sex-linked cross, but the two crosses were definiely different types of ratios.” (Either
staristics show the observed values fo be different from the expected valnes or not, the ratios cannot be “differem” if the Cli-squared was non-significant.
The only ment of this vesponse s that it wasn 't left blank.)

Example of a novice (1-) response: “Graph 2 indicares the mumber of tnbubus (hard-zhelled) seeds produced dunng the wet and dry seasons. This supports
the hypothesiz by showing that more tnbulus seeds were eaten by the largs beaked finches dunng the dry seazons.”™ (Wikle the number of seeds 15 a relevant
dataset for determining wiry the finches died, a graph showing seed production dees not provide any direct knowledge of the nmumber of seeds enten by
finches and there are no data in the project ar all which tall what size birds consumed the most seeds (no one collecred seed shells ourt of bird droppings
and repartad those mumbers))

Example of an intermediate (2) response: “As can be seen n Fig. &, the allels frequencies for the T/T genctvpes have greatly increased from 1995 to 2003,
esperially in the northem regions. There were significant increases at Muir Beach. Half Moen Bay and Samta Cruz sites. Comespondmely, the frequency of
&/'G genotypes 15 reduced at the northem sites and unchangzed in the southem sites. These data refute the hypothesis that hvbridization 13 responsible for the
decline in G'G. but support the hypothesis that M. zalloprovincialis 15 retreating southward down the coast”™ (Jones HH Aug 2003 (Specific data are directly
Iinked to a logical conclusion and an alternative explanation is refuted with data. More detml about the frends shovwn in the data, which comparisons are
significant and o greater discussion of ambiguous or confliching data wonld be reguired for flis to be an proficient response.)
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Criteria [

0 Notaddressed +

1-  Novice 1+

2 - Imtermediate 2+

[ 13- Proficient 3+

Discussion: Alternative explanations

Altemative explanations are |+ are not provided « are provided in the Some altemative *  have become a suite of
considered and clearly *  are mvial or irelevant dizeussion only explanations are tested as mterrelated hypotheses
eliminated by data ina *  are mentined but not +  may include eome tmvial hypotheses; those not that are explicitly tested
persuasive discussion. discussed or eliminated. or imelevant altermatives. tested are reasonably with data.

Discussion addresses

evaluated m the

+  Dhiseussion and analysis

Altematrve explanations: some but not all of the discussion section of altematives is based
altemafives ma Discussion of alternatives on data, complete and
reasonable way. 15 Teasonably complete, persuasive with a smgle

uses data where possible clearly supperted
and results in at least explanation remaming by
some altematives being the end of the discussion

persuasively dismissed.

Example of a {((+) response: “This hypothesiz [a narrative chamn of 4-3 separate 1deas] 15 supported by much data and no refuting evidence could be foumd.
Oher viable hypotheses could also serve to explam the finch cnms of 1977 such as the comecture that w the dry season of 1977 the overall finch population
decreased due to a decrease 1 overall seed production. There i= no evidence to refute this idea, however 1t 1s not a3 song as the first vpothesis because 1t 13
very general and does not specify what type of seeds decreased in number, nor what tvpe of finches wers affected.” ( IThe “alfernative” (as the student states)
is mor a viable or plansible pothesis and therefore not warth peints. _4lternarives must be realistic — something for which another smdent might argne.)

Example of a novice (1-) response: “The collard nux had a sigmficantly lower stemn weight in the medmm density pot than the collards alone. This data
supports my first bypothesis that radishes and collards grovm alone will have greater stem weights than the mmxed pots. Howsver, radizhes had the opposite
result, the radishes in the nux had greater stem weights than radishes alone. Possible explanations are that the majornity of radish growth occurs undersround:
therefore the majority of thewr resources are allocated to the roots.” (W ule the first sentence does support the hypothesis, the student does not discuss what
happened in the other collard pots (ignoning data wealkens the conclusion) and the third sentence makes litile sense, wiy would allecating the magenity of
rgsouirees below ground produce greater stem weights?)

Example of an intermediate (2) response: “Tt is suggested bv the data that the M zalloprovincialis population is retreating down the coast o more southem
sitez. It 13 also possible that the decline n the /G genotype in the north 15 due to G/'G mollusks cross-breeding with the T'T genotype nmssels to vield more
G/T zenotvpes. The data did not suppart this altemative hypothesis however. The G'T frequencies at northem sites were similar to thosze found m 19957
(Jomes HH Aug 200351 (Two reasenable explanafions are compared and one refected becanse the data refitte it (the data supperting the other 1dea are
provided further along in the paper).
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Criteria |

0 Notaddressed +

1-  Novice 1+

2 - Intermediate 2+

[ 3. Proficient 3+

Discussion: Limitations of design

Linutations of the data and/or | »
experimental design and
comesponding implications
discussad.

are not discussed.

are discussed 1 a trivial
way (e.g. “human error”
15 the major limitation
invoked).

are relevant, but not
addressed m a
conprehensive way
Conclusions fal to

+  are presented as factors
modifying the author’s
conclusions.

+  Conclusions take these

address or overstep the linmtations inte account.
bounds mdicated by the

limitations.

Limutations:

Example of a novice (1) response; “Environmental factors may have lad to the deaths of many flies. It cannot be confirmed that the environment in which
the Dirosophila were kept was constant or that the comrect flies were put in the vials.™ (This is the generic “lniman error” response. Ihese initations are
trivial because they are simply the specter of failad controls or sloppy work and unless the student has specific evidence that this has occurred, it is not
useful to say that these pught be sources of error.)

Example of an intermediate (2) response: “Even though the lab only took into account the flies that were ahive, we could not conclude that the dead flhies
died in the same phenotypic ratio as the live flies. We should have counted the dead flies as well.”™ (This student mentions this as an after-thought and while
insightful and corvecr, the student’s failure to actually modify her conclusion based on this thought make the discussion mere teivial than nseful. If she
had modified her conclusion based on this, it would have been rated more lughly:

Example of an proficient (3) response: “A major hnmtation of this of this experiment is that it sumplified the actual environmental conditions in the
copepods’ habitat. The paper that provided the benchmark concentrations for copepod toxms (Miao and Metcalfe 2003) mentioned that in addition to
simwvastatin, three other statin medications were observed in sewage effluent: pravastatin, lovastatin and atorvastatin. So while simvastatn cauzed sigmficant
delay in copepod development across the three concentrations tested, fiuture research should exanune the effects of the nuxtires of theze four statin
medications in a single assav to determine their combined effect on copepod development.” (This response earns a (3) because not only does the aurhor
recegnize a major limitation of the experimental design and use it te modify his conclusions, bur the imitation comes from the relationship af this research
to other research and places this work clearly in context with ather relevant research.)
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p-13

1-  Novice 1+

2 - Imtermediate 2+

3- Proficient 3+

Criteria [ 0 Motaddressed 4+
Discussion: Significance of research
Paper gives a clear indication | *  are not addressed. are vagne, implauzsible » areuseful but mdicate + are salient, plansible and
of the significance of the {not possible with current mcorplete knowledge of msightfial
research and its fixture technologies or the field (e.g. suggest +  suggest work that would
directions. methodelogies), mivial or something that’s already fill knowledgze gaps and
off topic. known or unknowsble move the field forward.
Fumure directions and EIVEN curTent
significance of this research: methodologies)
= suggest a frmtful Iime of

research. bust fail to

provide enough detail to

ndicate what the

maplications of thoge

futnre results would be

(what 15 the motivation for

doing the firure research?)

Example of a novice (1-) response: “If I were to recreate this expenment, I would allow the plants to grow for an extended perniod of tme m order to allow
their advantageous characteristics o take even more of an effect on the results.” (Tlus might be an effactive follow-np experiment, bur the description 15 fog
vagite for its mevit to be judged — What dees extended mean? Just for a few more daysT Until flowering? Until they die? Whar kind af “gffect” on the
results is the weiter oping for? Tas the current result borderline in its statistical significance?

Example of an intermediate (1) response: “This paper reports on the effect of simvastatin on copepods.  Future research should examine the effects of
muxiures of the four stain medicaiions in a smgle aszav o deternune their combined effect on copeped development”™ (Coolidee HH Aug 2005) (While the
[uture directions suggested are relevant and useful and indicate a knowledge of the field, tlns is the lasi sentence n the paper and 5o the wiiter does not
indicate whar a knowladge of the combined effeces would offer. Iv it simply more complete? Likely to show completely different patterns? Are the results
likely to be additive or symergistic?)

Example of an proficient (3) response: “Fumre research should attemipt to find a sub-nuero molar inhibitor. This will allow & more mdepth study of the
processes that PREMT s control or with which they ars mvelved  As PRMTs are suspected to contrel nuclear receptors, such as the estrogen receptor. cvtokine
and p33 controfled transcenption. determunation of PERT = role mn theze processes and would make them ideal targets for new breast cancer and heart diseasze
therapies” rSmath HH Aug 20051 (The monivation for continming research i this area 15 clear and the writer outhnes the steps and rafionale i sufficient

detail.
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Criteria

0 Notaddressed +

1-  Novice 1+

2 - Intermediate 2+

3- Proficient 3+

Use of Primary Literature

Felevant and reasonably
complete diseussion of how
this research project relates to
others’ work in the feld
(sclentific context provided).

Promary literature is defined
as:

- peer reviewed

- reports original data

- authors are the people who
collected the data.

- published by a non-
commercial publisher.

Primary literature
references:

are not included.

are limited (only one or

twio primary references in

the whole paper)

* References to the
textbook, lab mamual, or
websites may occur.

*  Citations are at least
partially correctly
formatted.

Naote that proper format

includes a one-to-one

comespendence between in-
text and end of text
references (no references at
end that are not 1 text and
vice versa).

are more extensive (at
least one citation for each
major concept)
Literature cited is
predomineantly (= 20%)
primary literatures.

are used primanly to
provide background
mformation and comtext
for conclusions

are properly cited in the
paper.

mdicate an extensive
literamure search was
performed.

frame the gquestion in the
mfroduction by
mdicating the gaps in
current knowledge of the
field.

are used m the discussion
to make the connections
between the wiiter's
wiork and other research
in the field clear

are properly and
accurately cited

Example of a novice (1+) response: “Research done on fifty-two lnes of Drosophila showed that environmentzal stress can have an effect on phenotypic
varance, genetic vanance and survivorship; cold temperature and high density can canse a reduction in survivership (Fowler 681).7 [ another sentence on a
different topic follows] (This reference is appropriate and relevant. It scores as a novice response though for two reasons: 1) it is improperly cited (uses

ML A mnstead of screntific citation format) and 2) the student does not relate Fowler and Whitlock’s Inghly relevant results to her own despite the fact that
she later talks about how if one phenotype had a lower survivorsiup than the other, that conld have thrown off her resnlis )

Example of an intermediate (2+) response: “Ampluascens tenmrenus (a species of copepod) 15 a model organism that has proved useful for testing
environmental toxicity of chenucals that enter aguatic environmenss (2.g. Chandler st a], 2004; de Fur 2004; Chandler and Greene 1996)." (Coolidge HH Aug
200351 (Both af the Chandler references are examples of research nsing the same organism to rest toxicity of chemicals in aguanic emvironments and the de
Fur arficle is a literature reviese af the use of invertebrates in endocrine disruption studies — thus the lterature is all primary, relevant and sets the context
of the writer’s work. This paper uses primary literature in similarly effective ways in the introduction, methods and discussion. The only thing preventing
this response from being rated as PROFICIENT was that the witter used the wrong format ( reversing anther’s names both in-text and at the end of the
text) creating confusion for the reader and only 7 references were cited in the whole paper indicating that the Iiterature search while notable was not
evtensive.
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Appendix 4. Universal Fubric for Laboratory Eeports, Scoring Guide version given to Trained Raters p. 17
Criteria | 0 Mot addressed 0+ 1-  Novice 1+ 2 - Intermediate 1+ 3- Proficient 3+
Writing quality
Grammar, word usage md Grammar and spelling *  Grammar and spelling +  Grammar and spelling + Comrect grammar and

organization facilitate the
reader’s understanding of the
paper.

(some elements mspirad by
the SC State Dept. Education
Extended-Fesponse Sconng
Gude for English Langnage
Arts))

errors detract from the
mezmng of the paper.
Word usage 15 frequently
confised or incorrect.
Subheadings are not used
or poorly used.
Information 1s presented
mn & haphazard way.

mistakes do not hinder
the meamng of the paper.
General word usage 13
appropriate, although use
of technical language is
may have occasional
nustakes.

Subheadmgs are used
and aid the reader
somewhat.

There 1s some evidence
of an orgamzational
strategy though it may
have gaps or repetitions.

have few mistakes.
Word usage 1s accurate
and aids the reader’s
understanding.

Distinct sections of the
paper are delinsated by
mformative subheadings.
A clear organizational
strategy 15 present with a
logical progression of
ideas.

spelling.

Word usage facilitates
reader’s understanding.
Informative subheadings
significantly aid reader’s
umderstanding.

A clear orgamzational
strategy 15 present with a
logical progression of
ideas. There is evidence
of an active planning for
presenting information;
this paper is easier to
read than most.

As this criterion encompasses the whole paper, no specific examples are provided.




Appendix 5. Criteria list and insmctions given m Manral Farers

__For each crirerion, please award points based on the following scale:

Points Achievement level
o ot addressed (smdenr did not do thish=For D
¥ Wovice (smdent performed task at @ numimal levely=C
2 Imtermadiare {smudant parfonned task to 2 ressonsble level) =B, B+or A
3 Proficient (stodent performed task excepuonally wall (3 rars perfonmance) = A+
You may angment the points if youwish (use - or “+7 to mdicate reladve performance within & leval).

Pleaze do not feel tle need to produce any type of a grade distribution (do not expect a certain number of
Alsws C7s, erc - this is a random salecton of papers.)

Contexr
Diamonsirates a clear upderstanding of the big picrore; Why 15 this question nuportant
imteresting i the field of biology?

Bl rodd et iam

Accuracy and relevance
Conrent knowledse 3 acourase, relevant and provides appropriate background for resder
inclnding defining critcal ferms.

Testable and conzider alternatives
Hypothases ara clearly stated. tesfable and cowsider plzusible altemarive explananons

Hy i bt s

Scientific merit
Hypothasas have scientific merit.

Controls and replication
Appropriate conmels (inchiding sppropriste replication) are prasent snd explaned.

e thaads

Experimental desizn
Experimental desige is lkely to produce salient apd frutful resules {aomally tesss the
hypotheses posed)

Daia selection
Diara chosen are comprehensive sceourate snd relevant

Hesulis

Diata presentation
Drara are sununarizad in 2 logical format Table or graph nvpes are appropriace. Diata zre
properly labeled inclnding units. Graph axes are sppropristely labelad snd scaled and
captton: sre informative and complate.

Statistical anabysis
Sraristical apalysis is sppropriate for hypothesas rested and appears correcily performed and
incerpreted with relevant values reponed and explzinad.

Conclusions based ou data selectad
Conclusion is clearly and logiczlly drawn froan data provided. A logical chain of reasoming
from hypothesis to dama to conclnsions i clearly and persuasively explained  Conflicting
dasta, if present, are sdeguaraly addressed.

Alternative explanations
Alrernative explanadons (hypotheses) are considered and clearly eliminated by datama
parsuasive discussion,

s cisaion

Limitation: of desizn
Limrations of the dat and/or expermeantal desien and corresponding mmplications for dam
imterpretation and conchisions sre disoussed.

Implications of research
Paper gives 3 clear indicaton of the iuplicaticns and doecton of the research in the futnre.

Use af Primary
Literature

Primary Literature

Writer provides a relevant spd ressonsbly complets discussion of how this ressarch project
relates to others’ work in the fisld (scientific content provided) nsing primary Lsratore.
pear reviawed

reparts oniginal data

aithors are the people who collacted the data.

Journal produiced by a3 non-conunercial scientific associaton

W rilings
Cuality

Writing Quality
Gramar, word vsage and organization facilitare the reader’s undarstanding of the papar.
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Timmerman Appendix 6: Scientific Reasoning Test 1

CLASSROOM TEST OF
SCIENTIFIC REASONING

Multiple Choice Version

Directions to Students:
This is a test of your ability to apply aspects of scientific and mathematical reasoning to
analyze a situation to make a prediction or sclve a problem. Make a dark mark on the

answer sheet for the best answer for each item. If you do not fully understand what is
being asked in an item, please ask the test administrator for clarification.

DO NOT OPEN THIS BOOKLET UNTIL YOU ARE TOLD TO DO SO

Revized Edition: August 2000 by Anton E. Lawson, Arizona Stase Unversity. Based on: Lawson, AE. 1973, Dewslopment and
validation of the classroom test of formal reasoning. Joumnal of Research in Science Teaching, 15(1): 11-24.
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Timmerman Appendix 6: Scientific Reasoning Test

1. Suppose you are given two clay balls of equal size and shape. The two clay
balls also weigh the same. One ball is flattened into a pancake-shaped piece.
Which of these stafements is correct?

a. The pancake-shaped piece weighs maore than the ball

b. The two pieces still weigh the same

C. The ball weighs more than the pancake-shaped piece
2. because

a. the flattened piece covers a larger area.

b. the ball pushes down more on one spot.

C. when something is flattened it loses weight.

d. clay has not been added or taken away.

e. when something is flattened it gains

weight.

3. To the nght are drawings of two cylinders filled

to the same level with water. The cylinders
are identical in size and shape.

Also shown at the right are two marbles, one
glass and one steel. The marbles are the
same size but the steel one is much heavier
than the glass one.

When the glass marble is put into Cylinder 1 it
sinks to the bottom and the water level rises to
the 6th mark. If we put the stee! marble info
Cylinder 2, the water will nise

a. to the same level as it did in Cylinder 1
b. to a higher level than it did in Cylinder 1
C. to a lower level than it did in Cylinder 1
4. because
a. the steel marble will sink faster.
b. the marbles are made of different matenals.
C. the steel marble is heavier than the glass marble.
d: the glass marble creates less pressure.
e. the marbles are the same size.
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Timmerman Appendix 6: Scientific Reasoning Test

5 To the right are drawings of a wide and a
narrow cylinder. The cylinders have equally
spaced marks on them. Water is poured info
the wide cylinder up to the 4th mark (see A).
This water nses to the 6th mark when poured
into the narrow cylinder (see B).

Both cylinders are emptied (not shown) and

water is poured into the wide cylinder up to the T

Bth mark. How high would this water rise if it :‘]

were poured into the empty narrow cylinder? =
B

a. to about 8

b. to about &

C. to about 10

d. to about 12

e. none of these answers is correct

5. because
a. the answer can not be determined with the informaticn given.
b. it went up 2 more before, so it will go up 2 more again.
c. it goes up 3 in the narrow for every 2 in the wide.
d. the second cylinder is narrower.
2. one must actually pour the water and observe to find out.

7. Water is now poured into the narrow cylinder (described in tem 5 above) up to
the 11th mark. How high weould this water rise if it were poured into the empty
wide cylinder?

a. to about 7 1/2
b. toabout 9
c. to about 8
d. toabout 7 1/3
e none of these answers is correct
8. because
a. the ratios must stay the same.
b. one must actually pour the water and observe to find out.
C. the answer can not be determined with the information given.
d. it was 2 less before so it will be 2 less again.
e. you subtract 2 from the wide for every 3 from the narrow.
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Timmerman Appendix 6: Scientific Reasoning Test

9. At the right are drawings of three strings hanging from a bar. The three strings
have metal weights attached to their ends. String 1 and String 3 are the same
length. String 2 is shorter. A 10 unit weight is

attached to the end of String 1. A 10 unit q 2 3
weight is also attached to the end of String 2. (i Y
A 5 unit weight is attached to the end of String W T —- T /
3. The strings (and attached weights) can be [ l

swung back and forth and the time it takes to

make a swing can be timed. ‘
Suppose you want to find out whether the
length of the string has an effect on the time it
takes to swing back and forth. Which strings
would you use to find out?

3)

(

@—

a. only cne string 10
b. all three strings

C. 2and 3

d. 1and 3

e. 1and 2

10.  because

you must use the longast strings.

you must compare strings with both light and heavy weights.
only the lengths differ.

to make all possible comparisons.

the weights differ.

men o
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Timmerman Appendix 6: Scientific Reasoning Test 5

11.  Twenty fruit flies are placed in each of four glass tubes. The tubes are sealed.
Tubes | and Il are partially covered with black paper; Tubes Il and IV are not
covered. The tubes are placed as shown. Then they are exposed to red light for
five minutes. The number of flies in the uncovered part of each tube is shown in

the drawing.
| : RED UGHT
| |
¥ ¥ v ¥ Y Jr l
! 1]
e 19
- L] i ’ [\
0 ‘ (1 NECETS
O I N
1 1
RED UGHT

This expeniment shows that flies respond to (respond means move to or away
from):

a. red light but not gravity
b. gravity but not red light

c both red light and gravity

d neither red light nor gravity

12.  because

a. most flies are in the upper end of Tube |1l but spread about evenly in
Tube Il

b. most flies did not go to the bottom of Tubes | and L.

C. the flies need light to see and must fly against gravity.

d. the majority of flies are in the upper ends and in the lighted ends of the
fubes.

e. some flies are in both ends of each tube.

4
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Timmerman Appendix 6: Scientific Reasoning Test

13.

14.

In a second experiment, a different kind of fly and blue light was used. The
resuits are shown in the drawing.

| BLUE LIGHT

| | | |
v v \J v v v
L]

=

f
|1ﬂ 18

g
o=
t 1 FoFE.F & &

BLUE LIGHT

These data show that these flies respond fo (respond means move to or away
from):

a. blue light but not gravity

k. gravity but not blue light

C. both blue light and gravity

d. neither blue light nor gravity

because

a. some flies are in both ends of each tube.

b. the flies need light to see and must fly against gravity.

C. the flies are spread about evenly in Tube IV and in the upper end of
Tube L.

d. most flies are in the lighted end of Tube |l but do not go down in Tubes |
and IIL

. most flies are in the upper end of Tube | and the lighted end of Tube II.

Six square pieces of wood are put into a cloth bag

and mixed about. The six pieces are identical in size

and shape, however, three pieces are red and three R R R
are yellow. Suppose someone reaches into the bag

(without looking) and pulls out one piece. What are Y Y Y
the chances that the piece 15 red?

1 chance outof 6
1 chance outof 3
1 chance out of 2
1 chance out of 1
cannot be determinad

Pap o
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Timmerman Appendix 6: Scientific Reasoning Test
16.  because
a. 3 out of 6 pieces are red.
L. there is no way to tell which piece will be picked.
c. only 1 piece of the 6 in the bag is picked.
d. all 6 pieces are identical in size and shape.
e. only 1 red piece can be picked out of the 3 red pieces.
17.  Three red square pieces of wood, four yellow square pieces, and five blue

square pieces are put into a cloth bag. Four red round pieces, two yellow round
pieces, and three blue round pieces are also put into the bag. All the pieces are
then mixed about. Suppose someone reaches into the bag {without looking and
without feeling for a particular shape piece) and pulls out one piece.

(] (=] [v] @eE®®
OO

What are the chances that the piece is a red round or blue round prece?

pPanTw

cannot be determinad
1 chance out of 3

1 chance out of 21

15 chances out of 21
1 chance out of 2

because

®an oW

1 of the 2 shapes is round.

15 of the 21 pieces are red or biue.

there is no way to tell which piece will be picked.
only 1 of the 21 pieces is picked out of the bag.
1 of every 3 pieces is a red or blue round piece.
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Timmerman Appendix 6: Scientific Reasoning Test 8

20.

Farmer Brown was observing the mice that live in his field. He discovered that all
of them were either fat or thin. Also, all of them had either black tails or white
tails. This made him waonder if there might be a link between the size of the mice
and the color of their tails. So he captured all of the mice in one part of his field
and observed them. Below are the mice that he captured.

Do you think there is a link between the size of the mice and the color of their
tails?

a. appears to be a link

b. appears not to be a link

C. cannot make a reasonable guess

because

a. there are some of each kind of mouse,

b. there may be a genetic link between mouse size and tail color.

c. there were not enough mice captured.

d. most of the fat mice have black tails while most of the thin mice have white
tails.

e, as the mice grew fatter, their tails became darker.
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Timmerman Appendix 6: Scientific Reasoning Test 9

21.

22,

The figure below at the left shows a drinking glass and a burning birthday candle
stuck in a small piece of clay standing in a pan of water. When the glass is
turned upside down, put over the candie, and placed in the water, the candie
quickly goes out and water rushes up into the glass (as shown at the right).

]
|
|

=l
=<|
)

This cbservation raises an interesting question: Why does the water rush upinto
the glass?

Here is a possible explanation. The flame converts oxygen into carbon dioxide.
Because oxygen does not dissclve rapidly into water but carbon dioxide does,
the newly formed carbon dioxide dissolves rapidly into the water, lowering the air
pressure inside the glass.

Suppose you have the materials mentioned above plus some matches and some
dry ice (dry ice is frozen carbon dioxide). Using some or all of the matenals, how
could you test this possible explanation?

a. Saturate the water with carbon dioxide and redo the experiment noting the
amount of water rise.

b. The water rises because oxygen is consumed, so redo the experiment in
exactly the same way to show water rise due to oxygen loss.

c. Conduct a controlled expeniment varying only the number of candlies to see if
that makes a difference.

d. Suction is responsible for the water rise, so put a balloon over the top of an
open-ended cylinder and place the cylinder over the burning candle.

e. Redo the experiment, but make sure it 1s controlled by holding all independent
variables constant; then measure the amount of water rise.

What result of your test (mentioned in #21 above) would show that your
explanation is probably wrong?

The water rises the same as it did before.
The water rises less than it did before.
The ballcon expands out.

. The balloon is sucked in.

apow
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Timmerman Appendix 6: Scientific Reasoning Test 10

23.

24,

A student put a drop of blood on a microscope slide and then locked at the blood
under @ microscope. As you can see in the diagram below, the magnified red
bload cells look like little round balls. After adding a few drops of salt water to the
drop of blood, the student noticed that the cells appeared to become smaller.

0 4
00 g
O o 9 @

Magnified Red Blood Cells After Adding Salt Water

This cbservation raises an interesting question: Why do the red blood cells
appear smaller?

Here are two possible explanations: |. Saltions (Na+ and C}) push on the cell
membranes and make the cells appear smaller. Il. Water molecules are
attracted to the salt ions so the water molecules move out of the cells and leave
the cells smaller.

To test these explanations, the student used some salt water, a very accurate
weighing device, and some water-filled plastic bags, and assumed the plastic
behaves just like red-blood-cell membranes. The experiment involved carefully
weighing a water-filled bag, placing it in a salt solution for ten minutes and then
reweighing the bag.

What result of the expenment would best show that explanation | is probably
wrong?

a. the bag loses weight
b. the bag weighs the same
c. the bag appears smaller

What result of the experiment would best show that explanation Il is probably
wrong?

a. the bag loses weight

b. the bag weighs the same
c. the bag appears smaller
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Appendix 7. Student Peer Feview Survey Fall 2006 p.1

Introduction:

Peer review is the process by which other students read your lab report and give you
feedback on it before vou turn it in for a grade. The purpose of this evaluation is to
capture vour perceptions of the usefulness of the peer review system used in biology
classes this year and to identify areas for improvement. Your honest responses are
very impotrtant to us. Your responses are anonvmous and will be summarized and

reported with those of other students.

Disapree

-
=11

Strongly
Disagree
Slightly
Disagree
Slightly
Aoree
Agree

Understanding the purpose of peer review

1. Ihave a clear understanding about
the purpese of peer review in this O
class.

O
[
O
]
]

I understand the importance of peer
review in the real-world, scientific O O | O O O
Community.

[B=]

3. Iunderstand the usefulness of the
“calibration” papers assignment.

4. T understand the usefulness of other
students providing feedback on my O O O O O O

lab reports.

3. I understand the usefulness of
providing feedback on my fellow O O O O O O
student’s lab reports.

6. Iunderstand the usefulness of the

. R . O O O O O O
zelf-aszessment assignment.

Understanding the process of peer review

. My TA clearly explained the
usefulness of peer review for O O O O O O

helping me with my lab report.

8. My TA clearly explained why peer
review skills will be useful to me O O | O O O
later.

9. My TA clearly explained how peer
review is used by scientists in the O O O O O O
real world.
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Appendix 7. Student Peer Feview Survey Fall 2006

10.1 have a clear understanding about

. O O O O O
how to use the peer review system.

11. T was provided with adequate
training by my TA to successfully O O O O O
utilize the peer review system.

12. The handout I received about peer
review was easy to understand.

13. The criteria I am supposed to use for

evaluating other people’s papers O O . O C
were understandable and easy to
use.

14. The peer-review website was user
friendly.

15. The time recuired for peer review is 0O O 0 O O
manageable.

16. 1 felt motivated to participate in peer O O . O C
review i this class.

Impact of the peer review system

17. Peer review helped me improve my o O - - o
lab report.

18. Peer review facilitated my
understanding of an in-class O O O O O
experiment.

19. The peer review process will be
helpful in my other classes.

20. Pevf-r. review helped me develop my 0O O 0 O O
writing skills.

21. Peer review helped me develop my O O I O C
gdifing skills.

22, Peer review helped me develop my

critical thinking skills. D - - - D

23, Peer review helped me develop my

research skills. O 0 = 0 0

In your own words (please write in the open-ended text boxes)

24 Please describe why you think we asked you to use peer review in this class.

25. Please describe how you think real scientists use peer review in their work.

26. What changes would you recommend to improve peer review in this class?

27. Additional comments:

Thank you for your participation.
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Appendix 8. Student Peer Review Survey Spring 2007 p. 1of7

These are images of the online version of the Spring 2007 Survey to
demonstrate how it appeared to students.  Students i both BIOL
101 and 102 received identical surveys except for the label
indicating the class in which the student was enrolled.

1. Pear Reviaw Student Survey

Erbraduncton

Pegr revedw is the grooess by which other students read wour 30 reaort and give you feedback en it before
yau i it in for a grade. The pupase of this evaiatan & 10 capiure your permeptions of ihe usefuiness of
the peer rayview system wsed In biology dasses this paae and o identify araas For impravement. Your honas;
TREQONEES &rE Yery IMEoriant i us Your responsss are ancaymeess and will be summaned and reportsd with
thase of other students

2. Understanding the purpose of peer review

1. I have a clear understanding about the purpese of peer review in this class.

Strangly sEanty Righty RN gy
Cisaproe Misagres bgrer miee

g QO G o 9 @

Dixagren

2. I think peer review is important in the real-world, scientific community,

Swragly shunile sightly skrogly
1 ke
oaages U g gios dgrae e gt

2 (S J R 3 R & @

3. [understand the purpase of the example ( “calibration”) papers provided by
the instructor on the CPR website.

Srmmgly Skully Slightiy PRI Eanmuly
Ot s Db gree Bgiee o hpies

@I B @Y

Dhaeyree

4. I understand the purpose of ather students providing me with feedback on
my lab reports,

Strengly Skyndy Sighicy Sangly
coagros MR ppagres  Lanee b,
e —~ ~ -
SR T 6 I I @R 6

5.1 understand the purpose of providing feedback on my fellow students’ lab
reports.

;‘:_;L:"; Dsosgioe :::u":L t:-l'::' fgree >:'."|':'
- d ~ 2
o Q o 0 8 @

6. I understand the purpose of the self-assessment assignment.
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S Shgbtty Saightly E L

Diegree: NI Disagien fepros Aegren
~ ¢ = et ~~
e Lrj' 5| \o LS

3. Understanding the process of peer review

7. My TA clearly explained the usefulness of peer review for helping me with my
lab report.

serngry ighily e St
Tisagrae Agres s agren

oo O o O QO

IHeapres

B, My TA clearly expliained why peer review skills will be useful to me later.

gy Shubty Sightly strmupy
Oiegren "™ Shagie agrem e -
~ ~ o a \
[ { ) { )
Cj A S S ol 5

8, My TA clearly explained how pear review is used by scientists in the real
world,

Sighiy Shightiy Sy
Disagre isEgitn [ hasa A
o O O 0O 0

10. I have a dear understanding about how to use the peer review system,

Mgty Sem gy
. LE

fren Agres
e ' Sy
) O, L)

11. I was provided with adeguate training by my TA to successfully utilize the
pear review system.

sermnagy i A Shiptty ightly Sermgy
Oisgren TEWT phegre Apee Sopres: horre
0 o O 0 0O 0
12. The handouwt T received about peer review was easy to understand,
SErrupy - Lkghtiy Hightly a2
Ninsgres g Divagren v e . i Tlinsgran

Qo O e 2
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13, The criteria I am supposed to use for evaluating other people’s papars were
understandable and easy to usa.

14, The peer-review website was user friendly.

Flightly =8 i

[usmgres e pdoich g hpree
0 O O C
16. I felt motivated to participate in peer review in this class,
Hteoogty i o gy
Dresot,  bisagrén L e
'S o i
\_J C: G L)
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4. Impact of the peer raview system

17. The example {"calibration™ ) papers provided by the instructor on the CPR
website were useful to me.

Strongly [ree— Shighitiy LA vy ' S0 oy
Disagres Disagree Agren Agroe

@) O o 0 O o

18. The self-assessment of my paper was usaful to me.

gl iy . Strogty
MHuagree  ComSreR Agreg Ao Agree
! ] &
\ y . LA s

19, Other students' feedback was helpful to me in revising my lab reports.

Stromily

iy ity Sy
s

Tissgies PRk hgas Aurse Agres
'@ i £
L) O (B & &

20. I was satisfied with the quality of the feedback I received from other
students,

[o— pge Sl
O] o O

21, Providing feedback to other students helped me in making revisions to my
own lab reports.
slightly Ay Stroegly

Lh
Disagres Rpree n Agres

& O Q & O

Coangrme

22 I provide high quality feedback I provided to other students.

Bty Slhightty gy : Strunglp
Dinagres 5" Agran e Agrnn
- iy
O (& ) ) [

23, Peer review facilitated my understanding of an in-class experiment,

Strooghy I
Uisagres  COREES
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25, Peer review helped me develop my writing skills.

Sirongy

strogiy
Agres

4R

Stoeghy
agren
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5. General

29. If you have used the peer review process in previous dasses, how would
you compare this semester's experience to your past experience?

Hova Las Hav i e Uk
oty ® O
sfuinaca 8] @)

30. If you have used peer review in earlier classes, please explain the
differences between your recant and previous experience.

=

31. What do you think were the tgp threa (3) reasons we asked you to use the
peir révigw process in this class? Please select only thrae (3).

Tis b the mmga Thi pear rayian procsgs in §ilance

imrirew u bl repris

O (i dpesty]

=

32, what do vou think are the top three (3] reasons for scientists to use peer
review for their unpublished work? Please selact only three {3).
'!:I Tocorimed mistabes 10 ther witng

To allow oShers 1o e = the scoarscy of ther wark

1 To llow cthmia b evaluete the cradidity of har woik,
[ o receive tadback for new sginioas, persesctises, amd ineights
D T i e cpainbLy of Qi miilmy

] #s & ssgueement tor pebbicatine
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¥ ta replicee

i To ®low obters
D [T

33. Additional comments:

S

6. Damographics

34. Are you a biology major?
L__.' Fun ::' 4o

35, Did you participate in peer review in Biology 101 at USC last fall (2006)7
:, ves (_*, e

36. Did you fill out a similar survey in Fall, 20067
:'_"| Yuy

)™

37, Including the current semester, T have used peer review in biology classes
for:

‘f:) D zameslar
{7 Ton semesiens
£ Thies sesasters
.::J Fosr o mive samesters
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Appendix 9. Single rater reliabilities for indiwviell

Universal Rubric criteria using trained raters

Course Overall
101 102 301 Ave

Criteria n= 49 45 48 142
Introduction

Context .40 .62 .25 A2

Accuracy and relevance 40 .23 .38 .34
Hypotheses

Testable 44 A4 .59 .49

Scientific Merit .52 .39 41 A4
Methods

Controls A .00 .00 .06

Experimental Design .08 73 31 37
Results

Data Selection .25 27 .39 .30

Data Presentation .53 A7 37 46

Statisticé 32 .01 .35 23
Discussion

Conclusions based on data .36 .33 .39 .36

Alternative explanations refuted A7 .29 46 41

Limitations 31 .63 .33 42

Significance .30 .58 .56 .48
Primary Literature 31 .66 .84 .60
Writing Quality .20 15 45 27
Total Score .66 .66 .65 .66

Note. Sample sizes reflect the number of unique paperedger courseThe trained raters for
BIOL 101 did not perceive the genetics assignmeiraviding a traditional control and chose as a

group to not rate this criteriofSee section on low criteria reliabilities for exmdgion.
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